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PREFACE

This Final User's Manual describes a computer program that was doe-
veloped during the pericd 1 March 1965 to 1 April 1966 for the project entitled,
"Development of a Ccmputer Program for Determining External Radiation Absorbed
by the Apollo Spacecraft.”  The work was authorized 16 February 1965 by the
NASA Manned Spacecraft Center under Contract NASS-3860, and has been performed
by Midwest Research Institute, Kansas City, Missouri, under Project No. 2846-E.

Mr. Harold L. Finch was the project leader. Mr. Duncan Sommerville
supervised the programming. Other principal investigators were Messrs. Michzel
Noland, Brook Sandford, Roger Schroeder and Gary Wages.

Mr. Robert Vogt was the NASA Project Engineer for the firsit six

months; Mr. Edward Chimenti served in this capacity for the duration of the
project.
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LIST OF SYMBOLS

am Value of «g subject to modification by fg and g .
by, Function giving temperature dependence of op -
DEC Declination or latitute of sun w.r.t. X;, Yo, Z; axes

(see Fig. C-3).

fp Function giving time dependence of dp -

fs Function giving time dependence of og .

g Function giving dependence on angle of incidence for og .
G Gravitational constant.

i Inclination of orbit plane (see Fig. C-4).

m Material code.

Mass of planet.

B g

Right ascension or longitude of sun w.r.t. Xos Yo Zp axes
(see Fig. C-3).

ot

T Temperature,
Xps Yy, Zy, Coordinate axes in the body coordinate system (see Appendix D).

Xes Yo, 2 Coordinate axes in the celestial coordinate system (see
: Appendix D).

Xp, Yo, Zp Coordinate axes in the planet coordinate system (see Appendix D).

Xys Yys 2y Coordinate axes in the vehicle-orientation coordinate system
(see Appendix D).

o Angle between planet-sun line and Xp axis (see Fig. c-3).

%y Absorptivity of coating material w.r.t. planet radiation.

o g Absorptivity of coating material w.r.t. solar radiation.

8 Angle between planet-sun line and 2y, axis (see Pig. ¢c-3).

v Angle between planet-sun line and Yp axis (see Fig. C-3).

5 Angle between vehicle-sun line and vehicle-element line.

]

Angle between vehicle-planet line and vehicle-element line.
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Vehicle yaw angle (see Fig. C-5).
Angle between sun-planet line and planet-vehicle line.

Angle between X, axis and projection of vehicle-node line on the
plane 2y, = 0 (see Fig. C-1).

Angle between X, axis and prejection of vehicle rotation axis on
the plane 2, = O (see Fig. C-6).

Vehicle roll angle (see Fig. C-5).

Angle measured counterclockwise about from Xp axis to the
projection of sun-planet line on the plane Zp =0 (see Fig. C-3).

True anomaly (see Fig. C-2).

The increment of ¢ between points where heat loads are computed
for orbital missions.

Value of ¢ where vehicle passes into the planet's shadow.
volue of @ where vehicle passes out of the planet's shadow.

LRSS ;

Angle between plane defined by the vehicle, planet and sun, and
the plane defined by the vehicle, planet and vehicle node.

Vehicle pitch angle (see Fig. C-5).

Longitude of ascending node -- measured counterclockwise about Z,
from X, to the line of nodes (see Fig. C-4).

Angle between %, axis and vehicle-node line (see Fig. C-1).
Angle between Zj, axis and vehicle rotation axis (see Fig. C-6).

Argument of perifocus -- measured in the orbit plane in the direction
of travel from the line of nodes to the perigee (see Fig. C-4).

Rate of vehicle rotation.




SUMMARY

The computer program described in this User's Manual was developed
to determine the total absorbed thermal radiation by spacecraft during orbital
missions and during missions that are defined by tape.¥* It was written by
Midvwest Research Institute (MRI) for the National Aeronautics and Space Admin-
istration's Manned Spacecraft Center (NASA-MSC). The program is a major modi-
fication and expansion of the computer program previously written by MRI under
Contract No. NASS-1059.%/ The latest version was designed especially for lunar
missions of the Apollo, but it also is applicable to interplanetary missions
and to other spacecraft.

The major features and capabilities of the program are listed below:

1. Up to 1,000 spacecraft surface areas (nodes) may be thermally
analyzed in a given mission;

2. Required geometric data for 950 Apollo nodes are coded and stored
within the program;

3. The effects of shadowing due to other parts of the spacecraft
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4. The spacecraft may be oriented toward the sun, a planet, the
moon, or a star;

5. The spacecraft may be given roll, pitch, and yaw attitudes rela-
tive to a basic orientation coordinate system;

6. The spacecraft may be made to rotate at a specified rate about
any axis;

7. The flight path may be either an elliptical orbit about any
planet or the moon, or it may be any mission about or between two such bodies;

8. Required planet property data for the moon and the planets are
stored within the program;

9. Required ephemeris data may be either read in as input or com-
puted for a specified date;

# Hereafter, missions that are defined by tape will be referred to as trajec-
tory tape missions.




10. Most of the data (e.g., type of orientation) may be changed
instantaneously at any specified time throughout the mission;

11. he planet's surface temperature may be considered to be either
uniformly distributed or variable or local temperature may be specified;

12. Additional Apollo node arrangements may be analyzed by lumping
together any of the 950 basic nodes; and

: 13. The program output may be printed and/or plotted; the results
ﬁ@y also be punched at such time that the format is specified and incorporated
into the output routine. The applicable computers (see below) have no provi-
sions for variable input/output formats in FORTRAN IV.

. Most of the program testing and debugging was carried out on a Univac
1107 computer in FORTRAN IV. Since FORTRAN IV under EXEC II is essentially

the same for both the 1107 and 1108, the program should run equally well on

either machine. Final versions vere written for the Univac computer and for

the IBM 7094/7040 Direct Coupled System (IEM-DCS), and both were thoroughly

tested at the NASA-MSC computational center.




I. INTRODUCTION

A computer program to determine the total absorbed thermal radiation
by spacecralft during orbital and trajectory tape missions has been developed
under Contract No. NAS9-3860 by Midwest Research Institute (MRI) for the
National Aeronautics and Space Administration's Manned Spacecraft Center (INVASA-
MSC). The program is a major modification and expansion of the computer pro-
gram previously written by MRI under Contract No. WAS9-1059.%/ The latest
version was designed especially for lunar missions of the Apollo, but is also
applicable to interplanetary missions and to other spacecraft. The program can
simultaneously analyze up to 950 Apollo surface areas (nodes) taking into
account the effects of shadows cast by other parts of the vehicle structure.

Most of the program testing and debugging was carried out on a
Unlvac 1107 computer in FORTRAN IV. TFinal versions were written for this
machine and for the IBM 7094/7040 Direct Coupled System (IBM-DCS), and both
were thoroughly tested at the NASA-MSC computational center.

This Final User's Manual summarizes the program and its use.
Operating instructions are given in Section II, general descriptions of data
and comment cards are given in Section IIT, and detailed descriptions of
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is described in Section V.

The appendices contain illustrations of input parameters, flow
charts, and other pertinent information to facilitate the effective use of the
program. The Final Project Report,g/ which describes the theory upon which
the program is based, supplements this menual.

II. OPERATING INSTRUCTIONS

The program has been checked out on the Univac 1107 and on the
IBM-DCS. Since the 1107 has been taken out of service at the NASA-MSC compu-
tational center, the following instructions are written for the 1108.

A. Runmning on the Univac 1108

The program is most easily run on the Univac 1108 by loading it from
tape. The control cards necessary to accomplish this sre described below.
The tape containing the program is assigned to unit A; if shadow logic is



required, the shadow factor tape for the Apollo is requested and assigned to
unit G; for trajectory tape missions, the tape is assigned to unit I.

Card 1 is the standard $JOB card. The other control cards are as

follovs:
Card No. Col 1 Col 8 Col 16
2 7 ASG A = gs842/
3D 7 ASG G = 373 (optional)d/
e 7 ASG I = TRAJECY/ (optional)
5 7 XQT CUR
6 TRW A
7. IN A
8 TR A
9

N XQT F119
where 7 denotes a 7 - 8 multiple punch.

The data deck comes next and includes data for as many cases as de-
sired. Data for each case consist of one or more cards containing numerical
Antn ghﬂ/nv romments fallowed bv a blank card indicating the end of case data.
For cases atter the Iirst, oniy the caras woicH conlalin data st GLilél iU
the previous case need be read. Due to the increased versatility of the pro-
gram, it is now required that the entire card be punched (where applicable)
instead of only punching the data that are being changed. An extra blank
followed by a card with 7 EOF in columns 1 - 5 must follow the data for the
last case. Data and comment cards are described in Section IITI. i

B. Running on the IBM-DCS

) To run on the DCS under IBSYS, up to four control cards are used.
Card 1 is the standard {JOB card; the others are as follows:

g/ The numbers 8584 and 373 are NASA-MSC tape designations.

E/ Card 3 may be omitted if the user does not wish to include the effects of
shadows in any of the cases. 1In this case, all of the 01 data cards used
must have zero or a blank in column 78 (see Section III-B).

E/ Card 4 may be omitted if no trajectory tape will be needed, i.e., if all
cases to be run are orbital missions.

g/ The actual tape reel number should be used rather than the symbol, TRAJEC.




Card No. Col 1 pol 8 Col 16

25/ $SETUP 9 BLOCK (7943) (OPtiona1)B/
5c/ $SETUP 11 BLOCK (TRAJEc)Q/ (optional)
4 SIRJOB - GO, NO SOURCE

The object deck comes next followed by the deck of JORIGIN and
S8INCLUDE cards which control overlay. Finally a $DATA is used to signal the
beginning of the data deck. Following the data for the last case, an extra
blank card is required followed by an end-of-file tab card.

If the program is put into the NASA program library, all cards from
card 4 ($IRJOB) through the last of the $INCLUDE cards may be replaced with a
.single $PGLIBE card giving the library name assigned to the program. !

C. Input/Output Units Referenced by the Program

The program refers to the input/output units listed below. BScratch
tapes 4, 8, 10, 12 and 13 are simulated on drum or disk storage on the NASA
Univac 1108 and DCS systems. . If the program should be adapted for a standard
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Words per
Logical No. Format Record Ezgg Use ‘
‘ }
4 ECD 14 Scratch  Contains edited input deck
S BCD 14 Input Principal input
6 BCD 22 Output Principal output
8 Bin. 252 Scratech  Contains intermediate data to be
plotted
9 Bin. 180 Input Shadow factor tape
10 BCD 14 Scratch  Temporary storage for OL - 07
cards
11 Bin. 19 Input Trajectory tape
12 BCD 14 Scratch  Temporary storage for 09 cards .
13 BCD 14 Scratch  Temporary storage for 10 cards
17 Bin. - Output Qutput from program to SC-4020

a/ Card 2 may be omitted if none of the cases to be run require tables of
shadow factors for the Apocllo.

b/ The number 7943 is a NASA-MSC tape designation.

g/ Card 3 way be omitted if no trajectory tape will be needed, i.e., if all
cases to be run are orbital missions

d/  The actual tape reel number should he used rather than the symbol, TRAJEC.




III. CENERAL DESCRIPTIONS OF DATA AND COMMENT CARDS

The type of each data and comment card is indicated by the card code
in columns 1 ana 2. The following types may be used:

Card Code Type of Card
10 Comment
01 Case number and control information
02 Orientation and rotation
03 Planet
04 Mission
05 Sun position
06 Redefinition
07 Low altitude planet temperature
09 Element
08 Trajectory continuation

The data cards require that decimal points be punched for numbers in
fields between columns 13 and 76. Outside this range, decimal points should
not be used and the numbers must be right justified in their fields. The
above cards, with the exception of No. 10, are read with the following format:
TORMAM (T oT%  TA AWAR.Y. T2, 2T1). . T+ should be noted that if a decimal
point is punched in any 8 column & F1614, eXponenis dre uuL Leeaed aniess the
magnitude of the number is extremely small or extremely large.

It is recommended that the cards be used in the order listed above
unless otherwise specified in the following paragraphs which describe each
type of card. More than one 06, 09 and 10 cards are allowable.

Values read in for one case remain defined until superseded by
another card containing the same type of information. Exceptions to this rule
are the 10 card and the 08 card.

General descriptions of the various card types follow. Additional
clarification is provided by examples given in Section IV. TFor the user's
convenience, a reference guide to input data preparation is given in Appendix
J.

A. Comnment (10 Card)

'

Comment cards may have alphameric characters in columns 3 - 72.
The first comment card is used as a heading for each page of outpul for orbital
missicns. TFor trajectory tape missions, an identification record from the




trajectory tape is used as the page heading. All comments (eny number from
0 to 18) will be listed at the beginning of the first page of printed output
for each case and on the first vloet frame if plots are requested.

Comments may also be printed to coincide with an instantaneous
change (e.g., a change from star to sun-orientation) during a trajectory tape
mission. Preparation of comments for this special condition is described in
Section III-J.

B. Case Number and Control Information (OL Card.)

Columns 3 - 5 contain the case number. Columns 9 - 12 contain the
number. of elements to be analyzed. This number should be between 1 and 1,000
" inclusive. For orbital cases, columns 13 - 20 contain ¢o , the initisl value
of true anomaly and columns 21 - 28 contain A¢ , the increment of true anomaly
at which heat fluxes are computed. For trajectory tape cases, columns 13 - 28
do not apply and are left blank. Column 78 should contain the configuration
number (see Fig. C-10) if the Apollo shadow factors stored on tape are required
for this case. A blank or zero can be used in column 78 if no shadow factors
are needed. However, whenever a valid configuration code is used in column 78,
it ie nersseary that the shadow tave be mounted. A one (1) in column 79 causes
incident heats as Well as apsorved Heaus O we prinved. 1o column 70 combalne
zero (0) or blank, only absorbed heats are printed. A one (1) in column 80
causes the program to print the product of heat flux and element area in BTU/hr.
If column 80 contains zero (O) or blank, the fluxes in BTU/hr-ft° are printed.

If any of the program parameters are to be changed during a trajec-
tory tape mission, the first time in minutes at which they are to be instan-
taneously changed is contained (with decimal point) in columns 37 - 44 (see
Section III-J).

C. Orientation and Rotation (02 Card)

Columns 9 - 12 contain the orientation code, namely, one (+1) for
planet-oriented, minus one (-1) for sun-oriented, minus two (-2) for star-
oriented, and zero (0) for rapid spinning about random axes. Columns 13 - 20
contain p , the roll angle; 21 - 28 contain ¥ , the pitch angle; and 29 - 36
contain 7 , the yaw angle. These three angles are all in degrees. If the
vehicle is star-oriented, the direction of orientation is given by a vector
with the X , Y , and 7 components contained in columns 45 - 52, 53 - 60, and
61l - 68, respectively. Since only the direction is chtained from these mum-
bers, the components are nondimensional and a scale factor may be used to bring
the three numbers into suitable range. The components must be in the planet




coordinate system for orbital missions and in the conventional earth equatorial
system with origin at the center of the planet and X directed toward Aries
for trajectory tape missions.

If a rotary vehicle motion about some axis thru the origin of the
body coordinate system is desired, the rate of rotation in revolutions per hour
should be punched in columns 37 - 44. The decimal point should be included.
The axis of rotation is given by a vector from the origin to an imaginary
vehicle element whose location is given, in the body coordinate system, by the
angles Qr and A, . The rotation is taken to be in the sense which would
cause a right hand screw to move along this axis from the origin toward the
"element." The angles Qp and Ay in degrees must be punched in columns 3 -
S5 and 6 - 8, respectively, of the 02 card. They must be right justified in

the fields and decimal points must be omitted.

" D. Planet (03 Card)

If a number from 1 - 9 is punched in column 5, the program will
assign planet data according to the following: 1. - Earth, 2. - Moon, 3. -
Jupiter, 4. - Mars, 5. - Mercury, 6. ~ Neptune, 7. - Saturn, 8. - Uranus, and
9. - Venus. Appendix E has a table of these data. If a zero (0) or a blank
is in column 5, then columns 13 - 20 should contain distance from the sun in

Gewliool wiles; 010 02, the planct ypdine in navhical miles: 29 - 36, planet

albedo; 37 - 44, the mass factor GMP9 in ft:/SeC:, ana 4o ~ O£, vie piaach
cold side temperature in degrees Rankine.

The planet data are used by the program in two ways: it specifies
the planet of orientation if the vehicle is planet-oriented and it specifies
the planet which is used in computing planet and albedo heat loads. For tra-
jectory tape missions the planet code used must agree with either column 9 or
10 of the associated 04 card.

If column 8 contains a one (1), planet temperature will be taken as
variable. Otherwise, it will be assumed to be constant.

E. Mission (04 Carq)

This card is used to specify the type of mission, that is, whether
it is an orbital or a trajectory tape mission. It also includes data that
fully describe the orbit or trajectory.

If the mission is orbital, a one (1) is punched in column 5. Columns
6 - 8 contain the number of degrees of true anomaly to be covered by the




o 260, a complete orbit will be run. Columns 13 -
program. S 00w 7. .zl altitude in nautical miles at apogee and
20 and £ - 24 00T
perigee, resys T
. .70 is to be read from a trajectory tape rather than
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and must « trajectory program in use in March 1966. For tra-
versiocn 7/ - .aets other than earth and moon, a new progrem inter-
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Columg Contents

1l and 2 05

5 1

13 - 20 angle 1

21 - 28 angle w

29 - 36 angle Q

37 - 44 year (1900. to 2099.)
45 - 52 month (1. to 12.)

53 - 60 day (1. to 31.)

61 - 68 hours (0. to 23.)

69 - 76 minutes (less than 60.)

This feature is intended primarily for earth and moon orbits, but it
will also work for the inner planets, Mercury, Venus and Mars.

G. Redefinition (06 Card)

The thermal absorptivity of any vehicle surface element can be spec-
ified to depend on the material, temperature of radiation source, angle of
incidence of radiation, and length of time of exposure of the surface. If the
radiation source is the sun, then dependence on radiation source temperature

B ammmYaadbad s 28 Ll smstanaas e dlia T meand T bl amaasraanm woamlmadt s Anarmandanna on
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angle of incidence of radiation. Thus, the program uses separate formulas
for determining absorptivity for solar and planet radiation, namely,

Ols(m;f);t) ap fs(t) - g(3) (1)

1

and

it

ap(m,T,t) = by(T) - £p(t) (2)

respectively, wvhere t is elapsed time in minutes, T is temperature in
degrees Rankine, & is angle of incidence in degrees, and m 1s the material
code.

To specify «g and «op it is necessary to define the functions
£5(%), fp(t), g(8), by(T) and the value ay , as well as to create a cross
reference between m , a number used as material code, and these functions.
Unless the user specifies nonzero cross references fg(t), fp(t) and g(d)
are taken to be unity.

The program can store up to sixteen each of tables of fg versus

t, fp versus t , g versus & , and by, versus T . There are also tables
of cross references indicating for each given material code (from 1 to 16)

which table of fg , fp and g are to be used in computing the overall




absorptivities. If the cross reference is zero (0), the function is taken to
be unity and the program skips the interpolations carried out otherwise. If
the same function is to apply to more than one material, the same table for
both materials can be referenced rather than reading in the table twice.

Tables of properties which are expected to be used frequently can be
compiled into the program®/ along with cross reference tables tying material
codes to properties as part of the BIOCK DATA program B3DATA. However, any of
these compiled values can be modified at execution time using 06 cards. The
solar constant may also be changed in this way. Each 06 card must contain a
code in columns 11 - 12 telling what type of data the card contains. The pos-
sible codes and their meanings are shown in the following table.

Columns »

11 - 12 Type of Data
03 Entries in table of fg versus t for material n@/
04 Entries in table of fp versus t for material m
05 Entries in table of g versus & for material m
06 Entries in table of b, versus T for material m
07 A cross reference assigning a table of f,(t) to material m
08 A cross reference assigning a table of fs(t) to material m
09 A cross reference assigning a table of gl ) to material m
i S polar constant e B
11 Values of absorptivity for solar radiation (am) for one or

more m

For 06 cards with columns 11 - 12 containing 07, 08 or 09, the
material code should be punched in columns 4 - 5 and the number of the corre- j
sponding table to be cross referenced should be in columns 7 - 8. If a table !
number associated with a material code is zero (0), the corresponding factor
is omitted from the expression for absorptivity.

If columns 11 - 12 of the 06 card contain 11, then columns 4 - 5
give the number, m , of the first material on the card for which a value of
ap 1s to be stored, and colunns 7 - 8 give the last such number. Actual
values of a; are punched in eight-column fields: 13 - 20, 21 - 28, 29 - 36,
37 - 44, 45 - 52, 53 - 60, 61 - 68, and 69 -~ 76. If more than eight values
are to be read, two 06 cards must be used.

If colunns 11 - 12 of an 06 card contain 10, then the solar constant
in units of BT‘U/hr-ft2 is read from colunns 13 -~ 20 cof the card.

g/ See Appendix F for values currently stored within the program.
b/ Material m 1is specified in column 78.




For 06 cards having either 03,04, 05 or 06 in columns 11 - 12, the
nunber of the table where data from the card will be stored is punched in
columns 77 - 78, This must be a number from 1 to 16. The numbers in columns
4 - 5 and 7 - 8 are indices of the first and last numbers of the table to be
read from the card. The structure of each type of table is discussed individ-
ually in the following paragraphs. Actual table entries are punched in the
eight, B8-column fields beginning with 13 - 20,

The tables of fs versus t and f, versus t contain alternate
values of t and f , e.g., bty , f£(ty) , t1, £(t3) , tp, £(tp) , t3,
f(ts) » t, and f(t4) . The arrays have a dimension of 10 and will con-
sequently hold only five points. Times must be in minutes and are related to
values of time read from trajectory tapes or computed for elliptical orbits.
Since a single 06 card can hold only eight floating point numbers, two are re-
quired if all ten table entries are to be read in. The program interpolates
for £ if t, <t < tg , but for t < t; or tg < t the values of (%)
or £(t,) are used.

The tables of g versus & contain only the values of g . Values
of & are understood to range from 0° to 90° in increments of 10°. Here
again, if all 10 values of g are to be read in, two cards are needed since
a single 06 card can hold no more than eight floating point numbers.
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contain values of T and by , the first entry being T, , the next b, for
T =T, , etc. Each succeeding pair of values gives a new point of the by,
versus T table. The table terminates with an entry for 10,000°R. However,
no more than twenty values of by may be stored. The indices of the first
and last values to be stored from a given card are given in columns 3 - 5 and
6 - 8, respectively. TFor example, if columns 3 - 8 read 001006, then the

first six values of the table will be stored, namely T, , bm(O) >y T, bm(Tl),

To 5 bm(Tg) .

H. Low Altitude Planet Temperature (07 Card)

If an 07 card is read, columns 13 - 20 will be stored as a critical
low altitude in nautical miles, below which calculation of planet temperature
by the program will be suspended. In this case, the program uses as planet
temperature, °R , the number punched in columns 21 - 28.

I. Element (09 Card)

The present program will calculate heat fluxes for up to 1,000 ele-
ments per case. The actual number is given on the Ol card. Fach element




desired is entered on an 039 card and is given a seguence number in columns
3 - 5. These numbers must begin with one (1) and increase seguentially so
that the sequence number of the last element is the same as the number of

elements desired.

If columns 6 - 8 contain a valid node number (1 ~ 950), element area
and location are taken from internal tables for the Apollo (see Appendices A
and B). If a one (l) is punched in column 79, shadow logic and experimentally
determined shadow data corresponding to the 950 nodes will be used by the pro-
gram. If a zero (0) or blank is punched in column 79, shadow logic will be
suppressed. It is also possible to wodify the Apollo nodal parameters (area,
An s Qn) and still use the stored shadow data; this can be done by punching
the modified values as follows: A, in columns 13 - 20, (, in columns 21 -
28, and area in columns 29 - 36. Angles must be in degrees and area in square
feet. Then if a floating point one (1.) is punched in columns 45 - 52, the
program uses the value read on the card for Ap instead of the one furnished

‘by the program. Similarly, a one (1.) in columns 53 - 80 and 61 - 68 causes

the program to use corresponding values punched on the card for (), and area,
respectively.

If 6 - 8 does not contain a valid node number, element area is read
from columns 29 - 36, and the angular coordinates Ap and Qp are read from
13 - 20 and 21 - 28, respectively. In this case shadow logic is not applicable
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Columns 9 ~ 12 should contain a nonzero numerical label which will
identify the element in the output listing. Columns 9 - 12 may contain zero
(0) or blanks (provided columns 6 - 8 contain a valid node number), in which
case, the program sets the label equal to the node number used in columns
6 - 8.

If the element being defined is to be lumped with the subsequent
element (one having the number in columns 3 - 5 increased by one), then cclumns
37 - 44 should contain the label again, including a decimal point in this field
for format compatibility. This label is the same number as is in columns 9 -
12 unless they are blank, in which case, the label is in columns 6 - 8.

There 1s a restriction on element lumping which is due to the fact
that computer storage is not sufficient to hold shadow tables for all the ele-
ments at the same time. Consequently, when more than 200 elements are ana-
lyzed, the program subdivides the problem. It is therefore illegal to have the
sequenced numbers (not the node number) of the first element of a group to be
lumped less than or equal to 200 while the sequence number of the last of the
group is greater than 200, The same restriction holds for any multipls of
200; i.e., for 400, 600 and 800,




Columns 77 - 78 contain the number of the coating material specified
for the element. Materials 1 to 6 are defined as described in Appendix F.
These may be redefined or materials 7 to 16 may be defined using redefinition
cards (06 cards).

If it is desired to have the absorbed heats expressed in graphical
form by the plotter, a one (1) must be punched in column 80 of the applicable
09 (element) card. A blank or zero (0) in column 80 causes the plots to be
deleted.

J. Trajectory Continuation (08 Card)

The user may modify the initial conditions for a trajectory tape
mission by performing the following steps:

1. Punching a cutoff time in minutes into columns 37 - 44 of the
01 card (see Section ITI-B);

2. Placing an 08 card immediately after the last data card; and

3. Placing data cards containing the modified conditions immediately
after the 08 card.

Descriptions of the U8 card and of the moditied 4ata cards LULLOW.

The 08 card, which is used in place of the end-of-case blank card,
signifies that the original data are to be modified. The 08 card may also be
used to specify a new cutoff time - a time at which the case data will again
be modified. If a new cutoff time is to be specified, the desired time should
be punched in columns 13 - 20. When this time is reached, a blank card can be
used to terminate the case, or another 08 card can be used to continue it as
before.

Following the 08 card, data cards may be read to modify such infor-
mation as configuration, planet, orientation, rotary motion, roll, pitch, yaw,
etc. These cards must consist of one or more of the folleowing types: 01, 02,
03 and 10. The planet specified must always be either the primary or secondary
plenet of the trajectory being used.

Comments may be used following each 08 card to provide messages in
the output describing what program parameters are changed. The combination of
08 cards and comments (10 cards) may also be used to flag significant features
of the trajectory which do not coincide with any program parameter changes,
such as the point where the vehicle leaves earth orbit and begins the trans-
lunar part of its flight.




Finally the user may terminate the mission at any of the cutoff
times by using an end-of-case blank card instead of the 08 card and the suc-
ceeding data cards. In this case, the program will compute until the cutoff
time is reached and will then terminate the case and rewind the trajectory
tape.

IV, EXAMPLES OF DATA AND COMMENT CARDS

Some of the input data options in the progrem are most easily under-
stood by considering sample cases. This section gives examples of each type
of input card and discusses how each is interpreted by the program. Data for
these cards are illustrated in Fig. 1. These are isolated examples and each
is independent of the context except where otherwise specified.

A. Comment (10 Card)

Example A is a dummy comment such as might be used in a trajectory
tape mission to "save'" a line for the identification furnished by the tra-
jectory tape. For orbital missions, card A would cause each page of heat
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Example B is an ordinary comment. If A and B occur together in a
trajectory tape mission, the message on B will appear as the second line of
identification on each frame of any plots generated.

B. Case Number and Control Information (01 Card)

Example C is for use with an orbital mission since ¢o of 45° and
A¢ of 15° are punched in columns 13 - 28. Case number in columns 3 - 5 is 81
and column 12 contains the number of elements to be run - six., The 1 in
column 79 indicates that incident heats as well as absorbed heats will be
printed.

Example D is for use with a trajectory tepe mission, since there is
no increment A¢ in columns 21 - 28. The case number is 82 and the number of
elements is 8. The number 36 in columns 29 - 36 indicates that when a time
greater than or equal to 36 min. is read from the trajectory tepe, the program
will return to the input roubine to read changes in some of the case parameters.
The Apollo configuration number 3 is punched in column 78. The 1 punch in
column 80 causes heat fluxes to be multiplied by element area to give total
heats for each element.
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Fig. 1 - Sample Input Data Cards




¢. Orientation and Rotation (02 Card)

Example E contains a 1 in columns 9 - 12 hence the vehicle is
planet-oriented. Roll, pitch and yaw angles are 0°, 60° and 80°, respectively.
A rotational rate of 6 revolutions per hour is given in columns 37 - 44;
therefore, the axis of rotation nust also be specified on the card. Since
colunns 3 - 8 are blank, (. and A, are taken to be zero.

Exanple F contains -1 in columns 9 - 12, indicating that the
vehicle is sun-oriented. Roll, pitch and yaw angles are 0°, 0° and 60°, re-
spectively, and rotational rate is 1.5 revolutions per hour. The axis of
rotation is given by Q. = 60°, A, = 225° read from columns 3 - 8.

Example G is a star-oriented case, as indicated by the -2 in
columns 9 -~ 12. There is no roll, pitch, yaw or rotation.¥* The star-vector
used for orientation has the ccordinates 1, 0, - 1.73205. This defines a
vector in the X-Z plane which is inclined at 60° to the positive X-axis and

' 150° to the positive Z-axis. Note that the coordinate system used to define
the star vector must be the planet system for orbital missions and the earth
equatorial system for trajectory tape missions. Hence, this card has different
significance when used with different 04 cards.

D. Planet (03 Card)
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the absence of any other data on the card, the program will assume that the
planet temperature is constant and will take planet data from internal tables.

Example I contains the planet code for moon (2) in column 5 and a (1)
in column 8, indicating planet temperature is variable. Other planet data are
taken from tables.

Example J does not contain a valid planet code in column 5, hence it
describes an "unknown' planet. In this case, the numbers in the five fields
from colurns 13 ~ 52 describe a planet having distance from the sun of
80,400,000 nautical miles, radius of 3,441 nautical miles, albedo of 0.58, GMp
of 141 x 1014 £12/sec® and adjusted cold side temperature of 200°R. This
actually describes earth except that the albedo has been changed from 0.35 to
0.58.

E. Mission (04 Card)

Example K contains a 1 punch in column 5, which indicates an orbital
mission. The case will compute heats over 180 angular degrees of the orbit

%  Blanks indicates Zero (0) vaelues for roll, pitch, and yaw.




(colums 6 - 8). Apogee and perigee are punched as 225 and 170 nautical miles,
respectively. Actually, these numbers could have been interchanged since the
program takes the larger number as apogee and the smaller as perigee  regard-
less of the field in which they are punched.

Example L describes a trajectory tape mission as indicated by the
blank in column 5. The planet codes for earth and moon in coluwmns 9 and 10
mean that the data read from the trajectory tape refers to earth and/or the
moon. The 07 punches in columns 11 - 12 have no significance. If a new tra-
jectory tape format were used requiring a tape seerch to find the desired
trajectory, this number could be used as a trajectory identification number.

F. Sun Position (05 Card)

Examples M, N, O and P all describe the same sun position. In
example M, the 1 punch in column 5 indicates that the program will use the
date and time specified to calculate the solar position. The angles 1, ® ,
and Q are punched as 33°, 0° and 0°, respectively. The date is 1961, January
1, and the time is 0:00 hr.

Example N glves the angles 2: and B directly as 28C.6997° and
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165.7986°, Example P gives the angles 1 , w , and Q as in example M, but
columns 37 - 44 contain right ascension and columns 45 - 52 contain declina-
tion. The code in column 5 tells the program how the 05 cards are to be
interpreted.

G. Redefinition (06 Card)

Example Q has 03 in columns 11 - 12, hence the data on the card will
go into a table of fg vs. t . The 2 punch in column 78 indicates that the
second table of fg vs. t 4is referenced. The 1 and 8 in colums 3 - 8
indicate that tre first eight values of table 2 are to be stored from this
card, The eight numbers in columns 13 - 76 provide the following table entries:

t (min.) fs
0 1.

10,000 0.96

50,000 0.93

200,000 0.89




Similarly, example R defines the second thru the fourth numbers from
taple 1 of £, vs. t .

t (min.) fs
(previous value used) 1.
6,000 0.95

Example S defines three entries in table 1 of fp vs. t as

follows:
t (min.) fp
0] 0.6
6,000 0.8
18,000 0.82

Examples Tand U taken together define table 2 (see column 78) of
g vs. 0 as indicated by the code 05 in columns 11 - 12, Indices in cclumms
3 - 5 and 6 - 8 indicate that the first eight entries are given on card T and
the ninth and tenth on card U. The table defined is:

& (understand) (°)

R+

]

0
10
20
30
40
50
60
70
80
90

(&)

CLuoNDEL©oo

C OO0 O0COOC OO0

Examples Vand W together define table 5 (see column 78) of by vs.
T , as indicated by the code 06 in columns 11 - 12, Each table entry requires
two numbers. The first eight numbers are on card V and six more are on card
W. The end of the table is indicated by an entry for T = 10,000°R in columns
45 - 60 of card W. The table defined by cards V and W follows:




T (°R) by

0 0.2
200 0.25
400 0.33
600 0.45
700 0.5
750 0.65

10,060 0.65

Examples X, Y and Z show cross references of different types. The
type of cross reference is coded in columns 11 - 12. The coating material
number is in columns 4 - 5. These three cards establish that coating mate-
rial number 1 has absorptivity for planet radiation which varies with time
according to the second table of f_ wvs. t , and that coating material
-pumber 4 has absorptivity for solar radiation which varies with time according
to the first table c¢f fg vs. 1t and with angle & according to the third
table of g wvs. & .

If in a subsequent case, the user should want to delete the depen-
dence on time or angle & from the absorptivity of any material, a card
deleting the cross reference may be used. For example, absorptivity of solar
radiation for coating material number 4 could be made indevendent of time Dby
uUsing & card luentiCal Lo Card I EACEpPL Liau CULwml O WOULQ Cunlalil a 2ero (u}
or a blank. This card would destroy the cross reference to table 1 of fg vs.
t .

Example AA redefines the solar constant to be 400. It is advisable
to use a comment to call attention to changes of this sort.(see example B).

Example BB contains 11 in columns 11 ~ 12, which is the code indi-
cating that the card defines values of a . The 5 and 9 punches in columns
5 and 8 indicate that coating materials 5 - 9 are referenced. Values of ag
through ag are 0.3, 0.4, 0.5, C.6 and 0.7, respectively.

H. Iow Altitude Planet Temperature (07 Card)

Example CC defines planet temperature to be 585°R when the vehicle
is at an altitude less than 30 nautical miles.

Example DD might be used on a case subsequent to example CC to
cancel the former card. Since critical altitude is zero (blank) the program
will ignore this low altitude logic Tfor all (positive) altitudes. If the




DD card were not used, the program would continue to set planet temperature
to 585°R whenever gltitude dropped below 30 n.m. Low altitude logic is always
suppressed until the program reads an 07 card.

I. Element (09 Card)

Since a case may have more than one element and since the inter-
relation of elements concerns data card preparation, examples EE, FF, GG and
HH are discussed together.

First, they are given sequence numbers 1, 2, 3 and 4 in column 3.
The first three of these have valid node numbers in columns 6 - 8, hence,
they normally will be assigned area, A, and Q , from internal tables.
Since the first two of these have no label -in columns 9 - 12, they will be
" given labels to agree with their node numbers. These labels agree with the
numbers punched in columns 37 -~ 44 of the respective cards. Therefore, each
of these elements will be lumped with the element following it. This group
terminates with the third card, GG, which is not to be lumped with the one
following since the label (1563) is not reproduced in columns 37 - 44. Hence,
the third element is the last of the group and its label will be used in
printing out results for the group of three.

In example HH, no node numbér is punched in columns 6 - 8 and there-
fore Ap , Q, and area must take on the values 45°, 60° and 1 £t.2 from
columns 13 - 36, This element is assigned a label of 955 from columns 9 - 12.

Elements which are defined by a node number in columns 6 - 8 nor-
mally take Ap , Q and area from internal tables. However, examples FF and
GG show an exception to this, for the areas are stored as 2.5 £4.2 and
2.66 £t.2. from colwms 29 - 36, The numbers 1.0 in columns 61 - 66 are
necessary to make the program recognize the gquantities in columns 29 - 36,

The coating material codes in columns 77 - 78 are the fourteenth for
the first three elements and the second for the fourth. Codes punched in
column 79 will cause shadow lcgic to be used only on the first element; i.e.,
the first of the three which are lumped together. Punches in column 80 show
that plots are requested for the second and third elements. However, the
plot request for the second element will be ignored since it is lumped with
the third element. The plot which is genersted for element 3 will be a sum
of the three elements. If column 80 of GG had contained zero or blank, the
plot would have been suppressed even though FF corntained a signal to plot.
This illustrates the point that plot comtrol for e group of elements which are
lumped together must appear on the last element card of the group, that is,
the one having the highest seguence number in columns 5 - 5.




J. Trajectory Continuation (08 Card)

Examples II and JJ show two trajectory continuation cards that
might be used in conjunction with example D, which will cause the program to -
return for more input when a time greater than or equal to 36 min. is read
from the trajectory tape. Example II would be placed in the deck immediately
following the cards which define case parameters at the beginning of the
‘mission. Data cards defining changes which are to take place at 36 min.
should follow and they are terminated by card JJ. The nwnber 71 in columns
13 - 20 of card II indicates thai the case parameters will be changed again
when a trajectory time of 71 min. is reached. After card JJ, additional data
cards would be placed to define case parameters beyond 71 min, These changes
would be followed by a blank card. Since card JJ does not contain a number
in columns 13 - 20, the last set of data read will be used to compute until
the end of the trajectory. If computations for times beyond 71 min. were not
‘desired, card JJ could have been replaced by a blank which would have termi-
nated the case at 71 min.

V. PROGRAM OUTEUT
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always generated, and plotted output, which can be obtained as an option for
each surface element.

A. Printed Output

The printed output format is illustrated in Fig. 2. At the begin- -
ning of the ocutput of each case, the case number is printed followed by the
comments for the case. After the comments, information identifying planet,
orientation, orbit, sun position and vehicle roll, pitch and yaw are printed.
These items are all clearly labeled. Finally, a list of element data is
printed. TFor each element used in the case, the sequence number is printed
followed by the node number, the angles 0, and A, giving the orientation
of the element with respect to the body coordinate system, the area in square
feet, and the coating material number. All angles are given in degrees.

The element list concludes the output descriving the case being run.
It is followed by one or more pages of heat flux tabulations. At the head of
each page of heat fluxes is a line of alphameric output which is taken from
the first comment card for the case if an orbital mission is being run or from
the identification record on tape, if the mission is defined by trajectory
tape.
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Fig. 2 - Typical Printed Output




Vi By,

i QQz U fﬁétV?Q also printed which gives labels and units for each
oy !Lihnh‘gh " “‘&he tabulation. The first two columns are labeled TIME
Py LT ;g'?v ?n in minutes and true anomaly, @ , is in degrees. If

T booy, . ik is being run, time and $ are printed only for the
Bty fﬁ“ By Mw”'lwfy tape missions, a value of 180° is printed for p ,
| ST jy;ﬁ!“‘ has no real significance. The element labels (or node

I Y "iH'”J in the third column. If program control parameters

b yxl‘:J h “’w E F! Fequire that incident heats be printed, these come next.
Y \;ig' iy, " krber incident heats or after element labels if incident
‘zw§;{ *ﬂ’ ity . lFollowing absorbed heats are sbsorptivities for solar,
i, | H nh!‘ “h"wt, and last come shadow factors for sun and planet
S gy ' Ihetors of 0. and 1. indicate completely shadowed and
‘ VU cases, respectively.
IR B TP
Al J'Q:hhiﬁl ;1ié I hore elements are lumped together only one line of output
i hwakf;“ﬂﬂﬂzug ,f“*fumMination. in this case, heats printed are the sums of
| Q{Ef ‘!wqu‘ ' Mie individual elements. The absorptivities and shadow
o Pnler only to the last of the elements which are lumped
LT STE
*in@;i by »1’*“Hig vwhich are lumped together, the heats represent the
My ; ““is ;ﬂ ‘”‘ the component parts. When the program option to print
i “otntal heate s nged  mhelsum OF neat Tiuxes 1or WO o
ML ve meaningful.
. Mo

co TR
14"\p1§ ? Whtted output is shown in Fig. 3. If plots are required

R
1mﬁ3}}\“*i,w ¥ "“wis run in a case, the program will generate one general
;“_”” “%mm,u§ e whieh gives the user's description of the case to follow.
H«x.agi“\:ﬂ {(  's may be used for this description. These will normally
\ '3§§; Y g‘in‘WWeuts read for the case (on cards with card code 10).
ka%‘iﬁ'¢‘W§‘“H . "Vewy tape missions the first comment is replaced by the
FRETE iﬁ ;‘* S§g4i”_”‘n from the trajectory tape. Hence, if the user wishes %o
Mgy gy, tent for rajectory tape cases, he should place a card
) Hiv, " vseept ten (10) in columns 1 and 2 ahead of the first
Wy tl““\ “"comment" will then be replaced by the trajectory iden-

W . .
¢ vwin comments will be retained.
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Fig. 3 - Typical Plotted Output




Pollowing the general identification frame are additional frames -
each containing graphs of heat loads for one of the elements requiring plots.
The first four lines of general comments are repeated at the top, along with
the case number and data describing the element. Four curves are drawn on
the grid representing solar, albedo, planet and total heats. There are
labeled with the letters S, A, P and T, respectively.

For elements which are lumped together the heats represent the sum
of the heats for the component parts. When the program option to print fluxes
rather than total heats is used, the sum of heat fluxes for two or more ele-
ments may not be meaningful.
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NODE DATA




CEQMETRIC DATA

Node Area  |[location of Surfece Element
Node |Full Scale O An Node Iccation
Nurber (££.2) (degrees) (degrees) Drawing Mumber  Location Code Netes
~— LF{ DESCENT STAGE
Yodes 323-405
Drawing 2846-46 LM ASCENT STAGE
lodes 1-322
Dravwing 26846-45
0 -
(4]
e} o
{ -~ Q = L PR B
@)
[/
COMMAND MODULE -— SERVICE MODULE
Nodes 406-565 Hodes 566-950
Draving 2846-47 Drawing 2846-48
1-322 ARE LOCATED ON THE IEM ASCENT STAGE
(DRAWING 2846-45)
1 5.59 90.0 180.0 2846-45 F-9
2 5.16 90.0 180.0 15 F-9 ‘1. Ares is 0,0 for Configuretions 2,5,
. 3 5.16 90.0 180.0 45 F-8 V2, Area is 3,23 for Configrrations 2,5.
4 9.10 90.0 ° 180.0 45 F-9 :3. Area is 3,23 for Configurations 2,5,
5 18.47 %.0 270.0 45 J-6 :
6 14,35 50,0 1785 45 G-9,J-5
7 6.56 90.0 240.75 45 G-9,5-5
8 10,90 90.0 225.0 45 F-9,J-6
] 6.56 90.0 299.25 45 G-2,J-4 !
10 4,34 113.42 270.0 45 G-5,I-5
11 | 4.51 67.0 270.0 45 J-5,K-5
2y 7.47 180.0 undefined 45 F-6
13 1.35 117.17 270.0 45 F-6,1-6
14 3.82 80.0 263.5 45 F-8,I-6
15 3.65 20.0 208,50 45 F-8,1-6
16 5.40 30.0 215.33 45 F-8,1-6
17 0.68 90.0 202.83 45 F-8,I-6
e ] g.0¥ Yu.U 248,79 45 ¥F-8,1-5 !
M7 LW 188,25 210.0 45 F-6,H-6
20 | 3.87 92.0 . 263.5 45 H-6
21 1,90 142.0 300.0 45 F-6,1-6
22 1.99 9.0 263.5 45 E-5
23 4.90 149,50 180.0 45 F-5
24 6.58 180.0 undefined 45 F-5
25 . 0.42 149,50 180.0 45 G-5 .
a 26 | 3.36 30.0 160.0 45 G-8
27, 0.69 90.0 180.0 45 G-8 !
28  0.51 135.0 270.0 45 G-5 |
29 0.20 135.0 90.0 45 G-5 i
30 0.50 180.0 undefined 45 G-5
. 31 0.72 90.0 90.0 45 F-8
32 0.20 45.0 270.0 45 H-5
33 1 0.50 90,0 270.0 45 H-5
34 0.32 0 undefined 45 G-8
35 0.69 90.0 0 45 G-3
36 . 0.97 135.0 270.0 45 F-5
37 ' 0.0436 90.0 180.0 45 G-6
38 1 0.139 76.0 180.0 45 G-6
39 0.0436 90.0 80.0 45 G-6
40 0.139 76,0 90.0 45 G-6
41 0.0436 90.0 [ 45 G-5
42 0.139 76.0 0 45 G-5
43 0.0436 90.0 270.0 45 G-5
44 0.139 76.0 270.0 45 G-5
45 0.185 180.0 undefined 45 G-5
46 0.0436 180.0 undefined 35 G-8
47 0.139 166.0 0 45 G-8 !
48 0.0436 90.0 90.0 45 G-8 i
49 0.139 $0.0 76.0 45 c-8 :
0.0436 0 undefined 45 G-8 i
52 0.139 2.0 G 15 G-8
52 0.0436 20.0 270.0 45 G-8




GEQMETRIC DATA (continued)

Kode Area | Location of Surface Element
Node Full Sgale On An Nede location
Turmber (£5.5) (degrees) {degrees) | Drewing Number Location Code HNotes
1-322 ARE LOCATED ON THE LEM ASCENT STAGE
’ (DRAWILG 2846-45)
53 0,139 30.0 284.0 2846-45 G-8
54 0.165 90.0 180.0 45 G-8
55 0,0436 90.0 180.0 45 H-5
56 0,139 9C.0 166.0 45 H-S
57 0.0436 180.0 undef ined 45 H-S
58 0.139 166.0 80.0 45 H-5
59 0.0456 90.0 0o 45 H-5
60 0.139 90.0 14.0 45 H-5
61 0.0436 o undefined 45 1.5
62 ! 0.139 14.0 90,0 45 I-5
63 | 0,165 90.0 270.0 45 H-5
64 0.0436 180.0 undefined 45 G-3
65 0,139 166.0 180.0 45 G-3
66 0.0436 90.0 90.0 45 G-3
€7 0.139 80.0 104.0 45 G=3
68 0.0436 0] undefined 45 G-3
69 0.139 14.0 180.0 45 G-3
70 0.0436 90.0 270.0 45 G-3
7 0,139 90.0 256.0 45 G-3
72 0.165 90.0 0 45 G-3
3 1.36 45.0 270.0 45 I-5
74 1.56 75.0 270.0 45 I-5
15 3.36 90.0 0 45 G-3
% 8.72 80.0 2938.25 45 F-3,I-5
11 9.72 90.0 343.0 45 Fe3,I-4
ki 16.53 180.0 undefined 45 G-5
9 1.66 180.0 undefined 45 F-4
80 1,74 168.92 8] 45 F-5
81 1.7¢ 168,92 0 45 E-5
82 5.69 180.0 undefined 45 F-5
83 1.47 168.92 ¢} 45 F-5
84 1.47 168.92 0 45 E-5
85 6.94 168.92 ¢} 45 F-5
86 0.52 105.0 80.0 45 F-5
of [ FIVeNY AU +0 F)
=1 I 300 16U wndel ined w5 F )
88 . 1.30 124.5 180.0 45 F-6
90 . 0,72 90.0 180.0 45 F-8
91 .24 154.17 180.0 45 F-8
o9 ; 2,74 107.5 180.0 45 F-8
93 3.26 73.83 180.0 45 F-8
g4 1.35 117.17 80.0 45 C-6,E-8
95 3.82 90.0 96.5 45 ¢-6,E-8
96 0.€8 90.0 157.17 45 C-B6,E-8
97 3.65 80.0 151.50 45 C~6,E-8
98 1.95 134.25 90.0 45 C-6,E-6
89 1.90 142.0 60.0 45 C-6,E-6
100 3.87 92.0 96.5 45 C-6
101 5.40 90.0 144.67 45 €-6,E-8
102 4.69 80.0 111.25 45 C-5,E-8
103 7.47 180.0 undefined 45 E-6
104 4.90 149.50 180.0 45 E-5
105 0.42 149.50 180.0 45 E-5
106 6.58 180.0 widefined 45 E-5
107 3.36 90.0 180.0 45 E-8
108 1.56 75.0 0.0 45 c-5
109 1.36 45.0 380.0 45 C-5
110 5.26 90.0 o] 45 B-3
111 1.99 92.0 96.5 45 C-5
112 9.72 80.0 70.78 45 C-5,E-3
113 9.72 0.0 17.0 45 C-4,E-3
114 0.69 80.0 180.0 45 E-8
115 0,51 135.0 90.0 45 D-5
116 0.20 45.0 90.0 45 D-5
117 0.50 90.0 90,0 45 c-5
118 0.32 ¢} undefinad 45 D-8
119 0.20 135.0 270.0 45 E-5
120 0.80 180.0 undefined 45 E-6




GEOMETRIC DATA (continued)

Node Area | Location of Surface Element
Node |[Full Scale 1 Ay lode Iocation
Rumber (££.2) (degrees) {degrees) Draving ihmber  ILocation Cude Notes
1-322 ARE IOCATED ON THE LEM ASCENT STAGE
(DRAWING 2846-45)

121 0.32 $0.0 270.0 2846-45 E-8

122 0.69 90.0 0 45 E-3

123 0.97 135.0 90.0 45 E-S

124 0.0436 890.0 180.0 45 E-5

125 ¢.139 76.0 180.0 45 B-5

126 0.0436 80.0 $0.0 45 D5

»v 041358 76.0 90.0 45 b-5

128 0.0436 90.0 T o 45 p-5

129 0.139 76.0 o 45 D5

130 0.0436 90.0 270.0 45 E-5

131 0.139 6.0 270.0 45 E-S

132 0.165 180.0 undefined 45 b-5

133 0.0436 8] undefined 45 D-8

134 0.13%8 14.0 0 45 b-8

135 0.0438 920.0 90.0 45 D-8

136 0.139 90.0 76.0 45 D-8

137 0.0436 180.0 undefined 45 D-8

138 0.139 166.0 o} 45 D-8

139 0.0436 90.C 270.0 45 E-8

140 0.139 390.0 284.0 45 E-8

141 0.165. 90.0 180.0 45 b-8

142 0.04356 80.0 180.0 45 c-5

143 0.139 90.0 194.0 45 c-5

144 0.0438 Q undefined 45 c-5

145 0.139 14.0 270.0 45 C-5

146 0,0436 90.0 ¢} 45 b-5

147 0.139 90.0 346.0 45 b-5

148 0,04386 180,0 undefined 45 D-5

149 0,139 166.0 270.0 45 D-5

150 0,165 90.0 90,0 45 D-5

151 0.0436 90.0 270.0 45 E-3

152 0.139 90.0 256.0 45 E-3

153 0.0436 180.0 undefined 45 D-4

154 0.139 166.0 180.0 45 D-4

155 0.0436 80.0 90.0 45 D-3

o Uk QU ERVL YV L RV aas

04 U UOD U wikel 1ned -0 u-o

158 0.138 14.0 180.0 45 D-3

159 0,165 890.0 0 45 b-3

160 8.02 180.0 undefined 45 E-5

161 9.10 80.0 180.0 45 E-9

162 10.90 90.0 135.0 45 B-6,E-9

163 18.47 90.0 90.0 45 B-6

i64 8.06 90.0 140.0 45 B-5,E-9

165 6,25 90.0 935.25 45 B-5,5-2

166 11.63 20.0 28.5 45 B-4,BE-2

167 4.58 58.60 80.0 45 B-5

168 0,33 90.0 180.0 45 E~10 168 The Surface is Farellel ic the Y-2

Plane
169 2.55 80.0 146.42 45 A-4 169 Area is the Trianjular Shaped Surface
Excluding the Projecticn of 163

170 1.17 80.0 90.0 45 B-4

171 1.72 90.0 0 45 E-2

172 16.91 64.2 180.0 45 F-10,M~6

173 3.09 90.0 142.6 45 A-8,E-10

174 2.93 90.0 108.25 45 A-6,E-10

175 4.94 116.0 154.0 45 A-5,E-10

176 0.80 123.0 80,0 45 A-5

177 4.94 116.0 26.0 45 A-5,E-1

178 2.80 45.0 80.0 45 A-6,N-5

179 5,00 o urdefined 45 R-85

180 8.96 0 urdefined 45 M-6

181 8.96 0 urdefined 45 1~6

182 27.41 0 undefined 45 M-S

183 0.52 5.0 270.0 45 M-5




GECHMETRIC DATA (continued)

lNode Area | Location of Surface Element
Node Full Scale On A Node Location
Nurber (re.2) (degrees ) {dep Draving Number  Location Cole Notes
1-322 ARE LOCATED ON THE LEM ASCENT STAGE
(DRAWING 2846-45)
184 0.52 15.0 90.0 2846-45 H-5
185 7.02 38.0 4 45 F-1,M4-5
186 5.00 0 undefined 45 -5
187 2.60 45,0 270.0 45 L-5
188 3.09 80.0 217.4 45 F-10,J-6
189 2,983 90.0 251.75 45 F-10,J-6
190 4.94 116.0 206.0 45 F-10,K-5
191 0.80 123.0 270.0 45 K-5
192 4.94 116.0 334,0 45 F-1,K-5
193 2.89 0.0 287.2 45 F-1,K-5
194 3.80 90.0 315.0 45 F-1,K-5
185 16.53 0 undef ined 45 -5
196 8.44 Q undefined 45 H-5
197 24.03 90.0 15.0 45 G-2,7-4
198 8.27 90,0 e} 45 F-2
198 9.86 90.0 335,42 45 E-2
200 3.654 90.0 [4] 45 E-2
201 11.11 90.0 Q 45 F-1
202 6.53 90.0 0 45 F-3
203 5,73 55.0 108.0 45 E-2,M-4
204 5.73 55,0 252.0 45 F-2,M-4
205 5.73 145.0 108.0 45 F-2,F-4
206 5.73 145.0.. 252.0 45 E-2,E-8
207 5.32 80.0 ¢} 45 F-2
208 0.69 90.0 180.0 45 E~10
2098 0.51 45,0 0.0 45 A-5,R-5
210 0.20 45.0 270.0 45 N-S
211 0.50 0 undefined 45 N-6
212 0,32 90.0 270.0 45 E-10
213 0.20 135.0 80.0 45 A-S
214 0.50 80.0 90.0 45 A-S
215 0.32 180.0 undefined 45 D-10
216 0.69 20.0 o] 45 E-1
217 0.0436 90.0 180.0 45 A5
218 0.139 90,0 184.0 45 A-5
219 0.0436 0 undef'ined 45 A8
220 24439 a0 eruey Y A
“e2) 0.02356 VTRV YT T Al -
222 0.139 90.0 346.0 45 A-5
223 0.0438 180.0 undefined 45 B~5
224 0.139 166.0 270.0 45 B-5
225 0.165 30.0 $§0.0 45 A-S
226 0.0436 180.0 undefined 45 D-10
227 0.139 166.0 0o 45 b-10
2238 0.0436 90,0 270.0 45 © E-1l1
229 0,139 90.0 284.0 45 E-11
230 00,0436 QO undefined 45 D-10
231 0.139 4.0 4] 45 D-10
232 0.0436 90.0 80.0 45 D-10
233 0.132 90,0 76.0 45 D-10
234 0.165 80.0 180.0 45 D-10
235 0.0436 180.0 urdefined 45 D-1
236 0.139 166.0 180.0 45 D-1
237 0.0436 9G.0 80.0 45 D-1
2338 0.139 90.0 104.0 45 D-1
239 0.0436 0 undef'ined 45 D-1
240 0.139 14.0 180.0 45 D-1.
241 0,0436 0.0 . 270.0 45 E-1
242 0.139 90.0 256.0 45 E-1
243 0.165 90.0 [¢] 45 D-1
244 0.04386 80.0 180.0 45 H-5
245 0.139 104,0 180.0 45 N-S
246 0.0436 80.0 270.0 45 H-5
247 0.139 104.0 270.0 45 H-5
248 0.04386 90.0 0 45 N-5
249 0,139 104.0 o] 45 B-5
250 0.0438 0.0 80.0 45 H-5




GEOMBTRIC DATA (continued)

&
Hole Area Location of Surface Element
Node |Full Seale Oy Ay Node Location
Hurber (rt,%) {degrees) {dsprees) Drawing Number  Location Code Notes
1-322 ARE LOCATED ON THE LEM ASCENT STAGE
(DRAWING 2846-45)
251 0,138 104.0 0.0 2846-45 N-5
252 0,165 &) undefined 45 N-5
253 0.69 90.0 180.0 45 G-10
254 0.51 45.0 270.0 45 K-5
255 0.20 135,0 270.0 45 K-5
256 0.50 90.9 270.0 45 K-S
257 0.32 180.0 undef ined 45 G-10
258 0.20 45.0 90.0 45 L-§
259 0.50 [¢] undefined 45 L-5
260 0.32 890.0 90.0 45 F-10
261 0.69 90.0 9] 45 G-1
262 0.0436 90,0 180.0 45 K-5
263 0.139 80.0 166.0 45 K-5
264 0.0436 180.0 undefined 45 J-S
. 265 0.139 166.0 90.0 45 J-5
266 0.0436 20.0 a 45 K-6
287 0.139 80.0 14.0 45 K-5
268 0,0436 o] urdefined 45 K-5
269 0.139 14.0 90.0 45 K-5
270 0.185 80.0 270.0 45 K-5
v 271 0.0436 20.0 270.0 45 «G-10
. 272 0.139 890.0 284.0 45 G-10
273 0.0436 o} undefined 45 G-10
274 0.139 14.0 (4] 45 G-10
275 0.0436 0.0 90.0 45 F-1}
276 0,139 90.0 76.0 45 F-11
277 0.0436 180.0 undefined 45 G-10
278 0.139 166.0 o 45 G-10
279 0.185 80.0 180.0 45 G-10
280 0.0436 0 undefined 45 G-1
281 0,139 14.0 180.0 45 G-1
282 0.0438 90.0 270.0 45 G-l
283 0.139 80.0 256.0 45 G-1
284 0.0436 180.0 undefined 45 G-1
PRS 0.139 166.0 180.0 45 G-1
ana 0, DARR 0o an. o &5 ") i
287 0.139 90.0 104.0 45 F1
288 0.165 80.0 o] 45 G-1
289 0.0436 80.0 180.0 45 -6
290 0.139 104.0 180,0 45 1-6
291 0.0436 90.0 270.0 45 1-5
292 0.139 104.0 270.0 45 L-5
- 293 0.0436 20.0 0 45 . L-§
294 0.139 104.0 o] 45 -5
295 0.0436 90,0 90.0 45 L-5
296 0.139 104.0 90.0 45 -5
297 0.165 o] undefined 45 L-5
298 3.90 90.0 45.0 45 A-5,E-1
" 293 2.89 90.0 72.8 45 A-5,E-1
300 3.10 90.0 270.0 45 J-6 300 Area was Approximated by a Circle
301 3.17 171.0 180.0 45 F-1 301 Area Approxipated by a Circle
302 1.17 80.0 90.0 45 E-6
303 1,17 90.0 270.0 45 F-6
304 1.17 171.0 180.0 45 ¥-6
305 0.90 142.0 4] 45 F-6
306 1.39 90.0 270.0 45 I-6
307 0.80 58.0 180.0 45 F-8
308 0.76 97.0 101.0 45 F-8
309 0.76 97.0 258.0 45 E-8
310 0.90 142.0 o] 45 E-6
311 1.39 90.0 80.0 45 C-6
312 0.80 58.0 180.0 45 E-8
313 1.17 8.0 0 45 M-6
514 0.92 9.0 4] 45 M7
315 2.24 9.0 o] 45 M- 315 Area Approximated by a Circle
316 3.10 90.0 80.0 i5 B-6 316 Ayea Approximated by a Circle
337 0.84 90.0 90.0 45 B-6




GEOMETRIC DATA (continued)

Node Area Location of Surface Element
Kode | Full Secale (2% A Node Iccation
Humber | (£t.2) (degrees) {degrees) Draving lwsber  Location Code Hotes
1-322 ARE IOCATED OX THE LEM ASCERT STAGE
(DRAWING 2845-45)
318 0.45 180.0 undefined 2846-45 B-6
319 0.45 ¢} undefined 45 B-6
320 Q.84 90.0 270.0 45 D-6
321 0.35 20.0 0.0 45 D-5
322 0.35 90.0 270.0 45 E-B
323-405 ARE LOCATED CN THE LEM DESCENT
STAGE (DRAWING 2846-46)
323 16.87 90.0 180.0 2846-46 F-5 323 Includes ladder Platform
323330 Exclude the Circle at their
Apex
324 20.24 90.0 180.0 48 G-6
325 15.62 90,0 180.0 46 G-6
326 20.24 90.0 180.0 46 G-7
327 15.62 90.0 180.0 45 Fu7
328 20.24 90.0 180.0 46 F-17
329 15.62 90.0 180.0 46 E-6
330 20.24 90.0 180.0 46 E~6
331 26.76 180.0 undefined 46 F-3
332 37.03 135.0 270.0 46 G-3,d-5 332 Area Approximated as a Flat
Rectangular Surface
333 32,37 90.0 270.0 46 J-6
334 21.55 48,0 253.0 46 G-10,J-7 334 Area Approximated as a Flat
Rectangular Surface
335 32.37 0O undefined 46 F-10
336 37.03 45.0 80.0 46 ¢-7,E~10 -| 336 Area Approxirated &8s a Flat
Rectangular Surface
337 26.76 80.0 90,0 46 c-6
338 37.03 135.0 90.0 46 ¢-5,E~3 338 Area Approximated as a Flat
339 Rectangular Surface
339 8.36 45.0 270.0 46 G-10,d-1
340 16.88 90.0 0 46 0-7
341 2.56 0 undefined 46 0-7
342 6.63 15.0 180.0 46 A-7,F-11,
K-7,0-7
247 18,13 on. o n AR P-7
zaz oo - 250 en N 2e .7
345 6.69 62,0 108.0 46 P-7
346 15.56 80.0 0 46 P-6
347 2.56 90.0 90.0 46 P-6
348 16.13 80.0 0 46 P-5,P-6
349 2.71 135.0 0.0 46 P-5
350 6.69 118.0 109.0 46 P-6
351 15.56 90.0 Q 48 0-5
352 2.56 180.0 undefined 46 0-5
353 6.69 165.0 180.0 46 A-8,F-1,
X-6,0-6
354 16.13 20.0 0 46 H-5
356 - 2,71 135.0 270.0 46 N-5
356 6.69 118.0 251.0 46 L-6
357 16.88 90.0 4] 46 -6
358 2.56 80.0 270.0 46 N-6
359 15.62 90.0 0 46 ¥-7,0-7
360 0.94 74.0 0 46 N-7
361 1.31 90.0 0 46 N-7
362 0.94 106.0 [¢] 46 R-7
363 2.71 45.0 270.0 46 N-8
364 6.69 62.0 251.0 46 0-7
365 17.83 90.0 0 46 0-6
366 3.28 80.0 243.5 46 H-6,K-7
367 1.04 90.0 243.5 46 1-6,L-7
368 3.28 180.0 undefined 46 I-2
369 1.04 180.0 undefined 46 I-1
370 3.28 90.0 63.5 46 H-6
371 1.04 90.0 63,5 46 H-7
372 3.28 0 undefined 46 I-10
373 1.04 0 undef ined 46 I-11
374 7.10 80.0 180.0 46 I-6
375 8.75 90.0 0 46 L-6
376 5.28 153.5 180,0 45 E-1,G-4




GEOMETRIC DATA (continued)

Node Area Location of Surface Element
Rode Full Scale O, Ay Node Location
Nurber (r£.2) (degrees) (degrees) Drawing liuzber  Location Code Notes
323-405 ARE LOCATED CN THE IEM DESCENT
STAGE (DRAWING 2546-46)

377 1.04 153.5 180.0 2846-46 F-1,G-4

378 3.28 $0.0 20.0 46 B-4

379 1.04 96.0 90.0 46 A-3

330 3.2 26.5 0 46 P-4

381 1.04 26.5 o 46 P-4

382 3.28 90.0 270.0 46 J-4

3385 1.04 90.0 270.0 46 K-3

384 7.10 90.0 180.0 46 F-3

385 8.75 90.0 O 46 0-3

386 3.28 80.0 116.5 46 A-5,D-6

387 1.04 90.0 116.5 46 A-6,C-6

383 3.28 0 undefined 46 D-10

389 1.04 0 undefined 46 C-11

390 3.28 90.0 296.5 46 Q-6

391 1.04 90.0 296.5 46 Q-6

392 3.28 180.0 undefined 46 D-1

393 1.04 180.0 undefined 46 c-2

394 7.10 96.0 180.0 46 c-6

395 8.75 90.0 0 - 46 R-6

396 3.23 26.5 180.0 46 G-9,G-11

397 1.04 26.5 180.0 46 G-9,G-11

393 3.28 0.0 270.0 46 J-9

389 1.04 90.0 270.0 46 X-9

400 3.28 155.5 0 46 P-g

401 1.04 - 153.5 [ 46 P-9

402 3.28 90.0 90.0 46 B-9

403 1.04 90.0 90.0 46 B-9

404 7.10 20.0 180.0 46 F-9

405 8.75 90.0 O 46 0-9

406-565 ARE LOCATED ON THE COMMAND MODULE
(DRAWING 2846-47)

408 2.35 33.0 o 2846-47 I-2

407 0.61 157.0 0 47 H-2 407 Area on the Comsand Module under the

Conduit was Excluded
ol 557 = n ~ am oz 408 844 Darrassinns ouch as Windous and
b Driat Pewtoovave Teslofad fn Aryan
Calculations

409 1.84 33.0 0 47 C-4

410 1.91 35.0 0 47 C-4

411 1.61 33.0 [ 47 C-4

412 1.61 35,53 339.57 47 C-4

413 1.81 35.53 339.57 47 Cot

414 1.84 35.53 339.57 47 C-4

415 0.67 35.53 339.57 47 D-3

416 2.36 35,53 339.57 47 D-4

417 0.67 14.0 270.0 47 D-3

418 0.72 28.5 270.0 47 D-3

419 2.50 42.52 323.70 47 D-4

420 0.69 42,52 323.70 47 D-3

421 1.81 42.52 323.70 47 D-4

422 1.98 42.50 323.70 47 D-4

423 1.68 42.50 323,70 47 D~4

424 2.01 53.63 312.57 47 D-4

425 2.39 53.63 312.57 47 D-4

426 2.33 53.63 312.57 47 D-4

427 0.83 53.63 312.57 47 E-4

428 2.99 53.63 312.57 47 D-4

429 0.87 45.0 270.0 47 D-4

430 0.67 61.0 270.0 47 E-4

431 2,36 66.0 306.6 47 D-4

432 0.67 66.0 306.6 47 E-4

433 1.84 66.0 306.6 47 D-4

434 1.81 66.C 306.6 47 D-4

435 1.61 66.0 206.6 47 D-5

436 1.81 T7.45 305,85 47 D-5

4357 1.91 77.48 303.85 47 D-5

438 1.84 77.48 303.85 47 D-5

434 0.87 77.48 303.85 47 BE-5

440 2.36 77.48 303.85 47 E-S




GEOMETRIC DATA (continued)

Node Area | Location of Surface Element
Node |[Full Scale e An Hode Iocation
Humber | (£2.7) (degrees) (degrees) Drawing Nusbder  Iocation Code Notes
406-565 ARE LOCATED ON THE COMMAND MODULE
(DRAWING 2846-47)

441 0.67 15.0 270.0 2846-47 E-4
442 Q.73 90.0 270.0 47 E-5
443 1.04 80.0 303.0 47 E-5
444 1.80 80.0 303.,0 47 E-5
445 0,76 90.0 303.0 47 E-5
446 2.05 90.0 303.0 47 b-§
447 2.12 90.0 303.0 47 D-5
448 1.80 90.0 303.0 47 D-5
449 1.48 102.52 303.85 47 D5
450 1.78 102,52 _303.85 47 b-5
451 1.72 102.52 303.85 47 D-5
452 0.62 102,52 303.85 47 E-5
453 2.15 102,52 303.85 47 E-5
454 0.62 104.5 270.0 47 E-5
455 0.70 118.0 270.0 47 E-6
456 2.43 113.18 306,33 47 E-6
457 1.11 116.78 307.60 47 E-6
458 3.02 116.78 307.860 47 D-8§
459 3,07 116.78 307.60 47 b-5
460 2.61 116.78 307.60 47 . D-5
461 2.48 133.40 318.58 47 D-5
462 2.9¢ 133.40 318.55 47 D-6
463 2.88 133.40 318.55 47 D-§
464 1.04 133.40 318.55 47 b-7
465 2.57 125.27 311.83 47 D-6
466 0.73 133.5 270.0 47 E-6
467 Q.72 148.0 270.0 47 D-7
468 2.50 135.97 321.58 47 D-6
469 0.73 164.0 270.0 47 D-7
470 2.64 143.27 334.88 47 D-6
471 0.76 143.27 334.88 47 D=7
472 2,05 143.27 334,88 47 D-6
473 2.12 143.27 334.88 47 C-8
474 1.80 143.27 334.88 47 c-6
10 o teu AL . v “i .

476 EST- SR ST VI VA ¥ Bt ; T T
477 2.05 147.0 0 47 C-6
478 0.76 147.0 0 47 D-7
479 1.60 147.0 0 47 C-6
480 1.04 147.0 0 47 c-7
481 0.73 180.0 undefined 47 C-7
482 0.73 164.0 80.0 47 c-7
483 2.64 143.27 25.12 47 C-6
484 0.76 143,27 25.12 47 c-7
485 2.05 143.27 25.12 47 Cc-6
486 2.12 143.27 25.12 4l C-6
487 1.80 143.27 25.12 47 c-6
488 2,49 133.40 41.45 47 c-5
489 2,94 133.40 41.45 47 C-6
490 2,88 133,40 41.45 47 Cc-6
431 1.04 133.40 41.45 47 B-6
492 2.57 135.97 38.42 47 B-6
493 0.73 149.0 0.0 47 B-6
494 0.72 133.5 90,0 47 B-6
495 2.57 125,27 48,17 47 B-6
496 0.68 118.0 90.0 47 B-8
497 2,38 113.18 52.67 47 BB
498 1.1 116.78 52.40 47 B-6
499 3.02 116.78 52.40 47 B-6
500 3.07 116.78 52.40 47 B-S
501 2.61 116.78 52.40 47 c-5
502 1.48 202.82 56.15 47 c-5
503 1.78 102.52 56.15 47 B-5
504 1.72 102,52 56,15 47 B-5
505 0.62 102.52 56.15 47 B-5
506 2.15 102,852 56.15 47 B-5
507 0.62 104.86 90.0 47 A-5
508 0.73 90.0 80.0 47 A~
509 1.04 90.0 57.0 47 A5
510 1.60 $0.0 57.0 47 B-5




- GEGMETRIC PATA {continued)

Hode Area Location of Surface Element
Rode | Full Scale

Node Location

Yumber (££.2) (degrees) @eg?ces) Drawing Mumber Location Code Notes
406-5565 ARE LOCATED 0N THES COMMAND MODULE
{DRAWING 2846-47)
511 0.76 90.0 57.0 2746-47 A-S
512 2,05 90.0 57.0 47 B-5
513 2.12 90.0 57.0 47 B~5
514 1.80 90.0 57.0 47 €5
515 1.61 77.48 56.15 47 C-5
518 1.91 77.48 56.15 47 B-5
517 1.84 77.48 56.15 47 B-b
518 0.67 77.48 56.15 47 A5
519 2.36 17.48 56.15 47 B-5
520 0.67 75.0 80.0 47 A~-4
521 0.87 61.0 90.0 47 B-4
S22 2.36 £66.0 53.40 47 B-4
523 0.67 66.0 53.40 47 B-4
524 1.84 66,0 53.40 . 47 B~4
525 1.81 66.0 53.40 47 B-4
526 1.61 66.0 53.40 47 Cc-5
527 2.01 53.63 47.43 47 C-4
528 2.39 53.863 47,43 47 C-4
529 2.33 53,63 47.43 47 B-4
- 530 0.83 53,63 47,43 47 B-4
531 2.99 55.63 47.43 47 B-4
532 0.87 45.0 80.0 47 B-4
533 0.72 28.50 90.0 47 B-3
534 2.50 42,52 36.30 47 C-4
535 0.69 42,52 36,30 47 B-3
536 1.91 42,852 36.30 47 C-4
537 1.97 42.52 36.30 47 C-4
538 1.68 42.52 36.30 47 C-4
539 1.61 35.53 20.43 47 C-4
540 2.94 35.53 20.43 47 C-4
541 1.84 35.53 20.43 47 Cc-4
542 0.87 35.53 20.43 47 c-3
543 2.36 35.53 20.43 47 C-4
544 0.67 14.0 90.0 47 c-3
285 f . Gesto y  B90.0 RS TL NN PO 1 S 5O OSSO
546 G.a05 | 195.0 00 Y TR ; ]
547 0.405 . 45.0 90.0 47 F-1
548 0.405 45,0 270.0 47 G-1
549 0.243 68.0 67.0 47 G-3
550 0.243 44.0 200.0 47 G-3
851 0.243 118.0 240.0 47 G-3
- 552 0,243 141.0 30.0 47 H-3
553 0.243 70.5 300.5 47 G-3
554 0.243 118.0 236.0 47 G-3
555 0.243 135.0 130.0 47 G-3
556 0.243 70.5 63.5 47 H-3
857 0.243 145.0 325.0 47 G-3
~ 558 0.243 112.0 112.0 47 G-3
559 0.243 76.0 311.0 47 H-3
560 0.243 19.0 193.0 47 G-3
561 6.45 90.0 0 47 B2
562 2.74 0 urdefined 47 I-2
563 2.42 32.5 180.0 47 J-2
564 2.90 30.0 83.33 47 12
565 2.90 90.0 276.67 47 I1-3

566-950 ARE LOCATED OX THE
(DRAWING 2546-48)

566 0.772 85.25 90,0 2846-48 H-4 566-729 {q, and Ay vere calculated by

Transformation Eguations

ZRVICE MODULE

567 0.328 81.20 180.0 48 H-4
568 0.712 70.75 270.0 48 H-4
569 0,328 81.20 0 48 I-4
570 0.359 7.25 90.0 48 1-4
571 0.0438 52.25 90.0 48 I-4
572 0.139 61.25 70.70 48 I-4
573 0.0436 37.80 270.0 48 I-4
574 0.139 47.80 284.0 48 I-4
BYE) 0.0436 127.75 270.0 48 J-4




Node Area

Location of Surface Element

GECHETRIC DATA (continued)

Node | Full Seale o, by Node Iocation
Kumber (r£.2) (degrees) (degrees) Drawing Nusber  Locution Code Notes
£66-950 ARE LOCATED ON THE SERVICE MODULE
(DRAWING 2846-48)

576 0.139 128.60 281.1 2846-48 J-4
511 0.0436 142,20 80,0 48 J-4
518 0.139 141.80 £2.7 48 J-4
573 0.165 81.20 180.0 48 J-4
580 0.0436 45.5 1.5 48 J-4
581 0.139 42.7 336.9 48 K-4
582 0.0436 45.5 172.8 48 K-4
583 0.139 42.7 203.1 48 K-4
584 0.0436 134.5 187.5 48 K4
585 0.139 132.6 210,5 48 K-4
586 0.0436 134.5 352.5 48 K-4
587 0.139 132.6 329.5 48 L-4
583 0.165 85.25 90.0 48 L-4
589 0.0436 37.8 270.0 48 L-4
590 0.139 47.8 248.2 48 L-4
591 0.0436 52.25 80.0 48 L-4
592 0.139 61.25 108.3 48 L-4
593 0.0436 142.2 80.0 48 M-4
594 0.139 141.8 117.3 48 M-4
595 0.,0436 127.75 270.0 48 M-4
5986 0.139 128.6 248.9 48 M-4
597 0.165 81.2 0 48 M-4
598 0.0438 45,5 172.5 48 M-4
599 0.139 49.8 144.9 48 N-4
600 0.0436 45,5 7.5 48 N-4
601 0,139 49.8 35,1 48 N-4
602 0.0436 134.5 352.5 48 N-4
603 0.139 138.5 18.7 48 N-4
604 0,0438 134.5 187.5 48 N-4
605 0,139 138.5 163.3 48 N-4
606 0.165 70.75 270.0 48 N-4
607 0.772 175.26 0.0 48 H-4
[ 2.328 36.0 8.85 48 H-4
609 0.772 19.25 80.0 48 H-4
610 0.328 80.0 8.85 48 I-4
611 0.339 g87.28 80.0 48 I-4
612 0,0436 142.25 80,0 48 I-4
613 0.139 145,90 58.90 48 I-4
614 0.0436 52.20 90.0 48 I-4
615 0.139 47.40 65.50 48 I-4
616 0.0436 37.75 370.0 48 J-4
617 0.139 43.10 294.10 48 J-4
618 0.0436 127.80 270.0 48 J-4
819 0,139 123.35 289.85 48 J-4
620 0.165 90.0 171.15 48 J-4
621 0.0436 95.35 44.80 48 J-d
622 0.139 74.60 49.65 48 K-4
623 0.0436 95,35 135.20 43 K-4
624 0.139 74.60 130,35 48 K-4
625 0.0436 84.65 224.80 48 K-4
826 0.139 £8,00 226,85 48 K~4
621 0.0436 84.65 315.20 48 X4
628 0,139 68,00 313.00 48 L-4
829 0.165 175.25 90.0 48 L-4
630 0.0436 52.20 90.0 48 L4
631 0.139 46,50 112.15 48 I~4
632 0.0436 142.28 90.0 48 L-4
633 0,139 145,980 121.10 48 L-4
634 0.0436 127.80 270.0 48 M-4
€35 0,139 123,35 250,15 48 M-¢
636 0.0436 37.75 270,0 48 M-4
637 0.139 43.10 246,20 48 M4
€38 0,365 90.0 8.65 48 M4
£39 0.0436 895,38 135.20 48 M-4
640 0.139 116.10 134.20 43 -4




GEOMETRIC DATA (continued)

Hode Avrea Location of Surface Element
Node Full Scale [ An Node Location
Hurber (r1.2) {degrees) {degrees) Draving Number  Locatlon Cole Hotes
566-950 ARE LOCATED ON THE SERVICE MODULE
(DRAWING 2846-48)

641 0.0436 95.35 44.80 2846-48 N-4
642 0,139 116.10 45,80 48 R-4
643 0.,0436 84.65 315.20 48 N-4
644 0.1338 101.00 310.35 48 N-4
645 0.04386 84.65 224.8 48 N-4
646 0,139 101.00 229.65 48 N-4
647 0.165 19.25 90.0 48 N-4
648 0.772 94.75 270.0 48 H-4
649 0.328 98.80 0 48 H-4
650 0.772 109.25 90.0 48 H-4
651 0,323 93.80 0 48 I-4
652 0,339 172.25 270.0 48 I-4
653 0.0436 142.20 90.0 48 L-4
654 0.139 132,20 111,75 48 L-4
655 0.0436 127.75 270.0 48 L-4
656 0.139 118.75 250.75 48 L-4
657 0.0436 37.80 270.0 48 H-4
658 0.13¢2 38.20 242.80 48 M-4
659 0,0436 52.25 90.0 48 H-4
660 0.138 51.40 110.0 48 M-4
661 0.165 $8.80 o] 48 H-4
662 0.0438 134.5 382.6 48 J-4
663 0.139 137.30 23.10 48 K-4
664 0.0436 154.50 187.40 48 K-4
665 0.138 137.30 156.90 48 K-4
666 0.0436 45.50 172.60 48 K-4
667 0.138 47.40 149.50 48 K-4
668 0.04386 45.50 7.40 48 K-4
663 0.139 47.40 30,50 48 I~4
670 0.165 94.75 270.0 48 L-4
671 0.0436 127.75 270.0 48 I-4
672 0,139 118,75 289.25 48 I-4
673 0.0436 142,20 80.0 48 I-4
674 0.139 132,20 66.0 48 I-4
67 ©.0486 B2.2b 90.0 1y J-4 i
676 0.139 51.40 69.0 48 J-t
677 0.0436 57.80 270.0 48 J-¢
678 0.139 38.20 297.2 48 J-4
679 0.165 98,8 180.0 48 Je4
680 0.0438 134.50 187.40 48 M-4
681 0.139 130.20 215.10 48 H-4
682 0.0436 134.50 352.60 48 K-4
683 0.139 130.20 324.30 48 " N-4
684 0.0436 45.50 7.40 48 N-4
685 0.139 41.50 543,40 48 H-4
686 0,0436 45.50 172.60 48 H-4
687 0,139 41,50 196.60 48 H-4
638 0.1865 109.25 90.0 48 N-4
683 0.7172 4.75 2170.0 48 H-3
630 0.328 90.0 351.15 45 H-3
691 0.772 160,75 270.0 48 H-3
892 0.328 90.0 35115 48 I-3
693 0.339 82.25 270.0 48 1-3
694 0.0436 37.15 270.0 48 I-3
695 0.139 34,10 301,10 48 1.3
696 0.0436 127,80 270.0 48 I-3
697 0.139 132,60 294,50 48 I-3
€98 0,0436 142.25 80.0 48 J-3
699 0.138 136.90 65.80 48 J-3
700 0.0436 s2.2 90.0 48 J-3
701 0.139 56.65 70.25 48 J-3
le=d 0,165 90,0 188.85 48 I3
703 0.0436 84,65 315.25 48 J-3
704 0.139 305.40 310.3 48 X-3
705 0.0436 84.65 224.75 48 -3
706 0,139 105.4 229.17 48 K-3
707 0.04%6 95.35 125,25 48 K-3
708 0.139 1312.0 133.20 48 -3




- GEOMETRIC DATA (continued)

Hode Area | Location of Surface Element
Node | Full Sgale Q, Ay Node laocation
Number (££.7) __{degrees) (degrees) Drawing Mumber  location Code Nates
566~950 ARE LOCATED OH THE SERVICE MODULE
(DRAWING 2846-43)
709 0.0436 95,38 44.75 2846-48 K-3
110 0.139 112.0 46.8 48 L-3
711 0,165 4,75 270,0 48 L-3
712 0.0436 127.80 270.0 48 L-3
713 0.139 133,50 247.9 48 -3
714 0.0436 37.75 270.0 48 L-3
715 0.139 34.1 238.9 43 -3
716 0.0436 52.20 90.0 48 M-3
77 0.139 56.65 108.75 48 M3
718 0.0436 142.25 90.0 48 M-3
719 0,139 . 136.90 114.10 48 M3
20 0.165 0.0 351.15 48 M-3
721 0.0436 84.65 224.75 48 M-3
722 0.139 63.9 225.90 48 R-3
3 0.04386 84,65 315.28 48 N-3
724 0.139 83.90 514.10 48 K-3
725 0.0436 95.35 44.75 48 N-3
26 0.139 78.0 49.70 48 H-3
. =7 Q.04386 95.35 135,25 48 N-3
728 0.138 79.0 130.30 48 K-3
729 0,165 160.75 270.0 48 n-3
730 3,64 157.5 90.0 48 B-2
131 3.22 157.5 90.0 48 B-2
73 3.08 157.5 90.0 48 c-2 i
733 3.08 157.5 90.0 48 c-2
734 3.08 157.5 50.0 48 c-2
735 3.08 157.5 80.0 48 D-2
7386 3.08 157.5 90.0 48 D-2
137 3.08 157.5 | 90.0 48 D-2
738 3.08 142.5 90.0 48 D-3
739 %.08 142.5 390.0 48 D-3
740 3.08 142,5 90.0 48 D-3
741 3.08 142.5 90.0 48 c-3
742 3.08 142.5 90.0 48 c-3
i 45 5.08 | ise,d Y0 EE G i
144 S.ae 1425 Y0.0 48 Be3
745 5.64 142.5 90.0 48 B-3
746 3.64 127.5 90.0 48 B-3
747 3.22 127.5 80.0 48 B-3
748 3.08 127.5 0.0 48 c-3
748 3.08 127.5 90.0 48 c-3
* 750 3.08 127.5 80.0 48 C-3
751 3.08 2.5 90.0 48 D-3
752 3.08 127.5 90.0 48 D-3
183 3.08 127.5 90.0 48 D-3
754 5.08 112,5 90.0 48 D=3
- 755 3.08 112.5 0.0 48 b-3
756 3.08 112.5 80.0 48 D-3
57 3.08 112.5 90.0 48 c-3
758 3.08 112.5 90.0 48 c-3
759 5.08 112,5 90.0 48 C«3
760 3.22 112.5 90.0 48 B-3
761 5.64 112.5 90.0 48 B-3
762 3.64 97.5 90.0 48 B-4
763 3.22 97.8 80.0 48 B~4
764 2.38 97.5 90.0 48 C-4 764 Base Area of the Reaction Control
Engine is not Included in the
Nodal Area
765 5.08 97,5 90.0 48 C-4
7686 3.08 97.5 80.0 48 C-4
167 3.08 97.5 90.0 48 D-4
763 3.08 97.5 90.0 48 D-4
769 3.08 97.5 90.0 48 b-4
770 3.08 82,5 $0.0 43 D-4
i I.C8 8.5 90,0 i3 D%
172 3,08 82.5 90.0 486 D-4
773 3.08 82.5 80.0 48 C-4
774 3.08 82,5 90.0 48 C-4




Node Area

Location of Surface Element

fole | Full Scale o, Node Lecation
Nunber (££.2) (degrees) Draving lusber  Location Code Notes
566-950 ARF LOCATED ON THE SERVICE MODULE
(DRAWING 2846-48)
715 3.08 82.5 2846-48 C~4
176 3.22 62.5 48 B-4
7 3.64 82.5 48 B-4
773 3.64 £67.5 48 B-4
778 3.22 67.5 48 B-4
780 35.08 67.5 48 C-4
181 3.08 67.5 48 C-4
82 3.08 67.5 48 C-4
83 3.08 67.5 48 D4
784 3.08 67.5 48 D-4
785 3.08 67.5 48 D-4
786 3.08 52.5 48 D
.7 3.08 82.5 48 D
768 3.08 52.5 48 D-§
789 5.08 52.5 48 Cc-5
790 3.08 52.5 48 C-5
791 3.08 52.5 48 c-5
792 3.22 52.5 48 B-5
793 3.64 52.5 48 B-5
794 3.64 37.5 48 B-5
795 3.22 37.5 48 B-5
796 3.08 37.5 48 Cc-5
797 3.08 37.5 48 c-5
798 3.08 37.5 48 c-5
799 3.08 37.5 . 48 b-5
800 3.08 37.5 90. 48 D-5
801 3.08 37.5 90. 48 D-5
802 3.08 22.5 90. 48 b-5
803 3.08 22.5 90. 48 D-5
804 3.08 22.5 48 D-5
805 3.08 22.5 48 C-5
806 5.08 22.5 48 C-5
807 3.08 22,5 48 c
808 3.22 22.5 48 B
Ana % A4 20 5 4R n
010 104 .0 40 n 1210 srce 28 e Corfutt 4o neb Yoeduded
in the Nodal Area
811 2.47 8.4 48 B-6 811 Area of the Conduit is not Included
in the lodal Area
812 2.38 7.5 48 C-6 812 Base Area of the Reaction Control
Engine is not Included in the
Nodal Area
813 3.08 7.5 48 C-6
814 3.08 7.5 48 Cc-6
815 3.08 7.5 48 D-6
816 3.08 7.5 48 D-6
817 3.08 7.5 48 D-6
818 3.08 7.5 48 D-6
819 3.08 7.5 48 D-6
820 3.08 7.5 48 D-6
821 3.08 7.5 48 C-6
822 3.08 7.5 c-6
823 3.08 7.5 48 C-6
824 2.47 8.4 48 B-6 824 Area of the Conduit is not Included
in the Nodal Area
825 1.94 12.0 48 B-6 825 Area of the Corduit is not Included
in the Hodal Area
826 3.64 22.5 48 B-7
827 3.22 22.5 48 B-7
628 3.08 22,5 48 c-7
829 3.08 22.5 48 c-7
830 3.08 22.5 48 c-7
851 3.08 22.5 48 b-7
832 3.08 22.6 48 D-7
833 .08 22.5 48 D-7
834 3.08 31.5 48 D-7
825 3.08 37.5 48 D-7
836 5.08 37.5 48 D-17
837 3.08 57.5 48 c-7




GEQMETRIC DATA (continued)
Node Area | Location of Surface Element
Node | Full Sgale Oy Ay Node Iocation
Nurber (££.7) {degrees) (degrees) Drawing lMumber  Location Code Hotes
566~950 ARE LOCATED ON THE SERVICE MODULE
(DRAWING 2846-~48)

838 3.08 31.5 270.0 2846-48 c-7

839 3.08 37.5 2170.0 48 c-7

840 3.22 37.5 270.0 48 B-7

841 3.64 37.5 270.0 48 B-7

842 3.64 52.5 270.0 48 B-7

843 . 3.22 52.5 270.0 48 B-7

844 3.08 52.5 270.0 48 c-7

845 3.08 52.5 270.0 48 c-7

846 3.08 52.5 270.0 48 c-7

847 3.08 2.5 270.0 48 D-7

848 3.08 52.5 270.0 48 D-7

849 3.08 52.5 270.0 48 D-7

850 3.08 67.5 270.0 48 D-8

851 3.08 67.5 2170.0 48 D-8

852 3.08 67.5 270.0 48 D-8

853 5.08 67.5 270.0 48 c-8

854 3.08 67.5 270.0 48 c-8

855 3.08 £67.5 270.0 48 Cc-8

856 3.22 67.5 270.0 48 B-8

857 3.64 67.5 270.0 48 B-8

858 3.64 .5 270.0 48 'B-8

859 3.22 82.5 270.0 48 B-8

860 2.38 82.5 270.0 48 c-8 860 Base Area of the Reaction Control

Engine is not Included in the
Nodal Area

861 3.08 82,5 270.0 48 c-8

862 3.08 82.5 270.0 48 c-8 i
863 3.08 82.5 270.0 48 D-8 ;
864 5.08 82.5 270.0 48 D-8

865 3.08 82.5 270.0 48 D-8

866 3.08 97.5 270.0 48 D-8

867 3.08 97.5 270.0 48 b-8

868 3.08 97.5 270.0 48 D-8

869 3.08 . 97.5 270.0 48 C-8

Sit S.00 \ 7.3 S N 1L el ¢
[ v SVl CiGeu 5 ()

872 3.22 97.5 270.0 48 B-8

873 3.64 97.5 270.0 48 B-8

874 3.64 112.5 270.0 48 B-9

875 3.22 112.5 270.0 48 B-9

876 3.08 112.5 270.0 48 c-9

877 3.08 112.5 270.0 48 c-3

878 3.08 112.5 270.0 48 - C-9 |
879 3.08 112.5 270.0 48 D-9 !
880 3.08 112.5 270.0 48 D-9

881 3.08 112.5 270.0 48 D-9

882 3.08 127.5 270.0 48 D-9 !
883 3.08 127.5 270.0 48 D-9 i
884 3.08 127.5 270.0 48 b-9

885 3.08 127.5 270.0 48 c-9

886 3.08 127.5 270.0 48 c-9

887 3.08 127.5 270.0 48 C-9

888 3.22 127.5 270.0 48 B-9

889 3.64 127.5 270.0 48 B-9

8390 3.64 142.5 270.0 48 B-9

891 3.22 142.5 270.0 48 B-3

8ge 3.08 142.5 270.0 48 c-9

893 3.08 142.5 270.0 48 Cc-9

894 3.08 142.5 270.0 48 ¢-g

895 3.08 142.5 270.0 48 D-9

896 3.08 142.5 270.0 43 D-§

897 3.08 142.5 270.0 48 D-9

893 3.08 157.5 270.0 48 D-10

839 3.08 157.5 270.0 48 D-10

S00 3.08 157.5 270.0 48 D-10

301 .08 157.5 270.0 48 €-10

802 3.08 157.5 270.0 48 c-10

903 35.08 157.5 270.0 48 C-10




GEQMETRIC DATA {concluded)

Node Area location of Surface Element
Hode | Full Scale \ A Hole Location
Number (rt.2) (degrees) {degrees) Drawing Nurber  Location Code Notes
566-950 ARE LOCATED CF THZ SERVICE MODULE

(DRAWING 2846-48)

904 3.22 157.5 270.0 2846-48 B-10

205 3.64 157.5 270.0 48 B-10

908 3.64 172.5 270.0 48 B-10

807 3,22 172.5 270.0 48 B-10

9208 2.38 172.5 270.0 48 €~-10 908 Base Area of the Reacticn Control

Engine is not Included in the
Nodal Area

909 3,08 172.5 270.0 48 c-10

910 3.08 172.5 270.0 48 C-10

811 3.08 172.5 270.0 48 b-10

912 3.08 172.5 270.0 48 b-10

913 3.08 172,85 270.0 48 D-10

914 3.08 172.5 80.0 48 D-10

915 5.08 172.5 90.0 48 D-10 !

916 3.08 172.5 90.0 48 D-10

o117 3.08 172.5 0.0 48 €-10

918 3.08 172.5 90,0 48 ¢-10

919 3.08 172.5 90.0 48 C-10

920 3.2 172.5 0.0 48 B-10

921 3.64 172.5 90,0 48 B-10

922 13.37 90.0 180.90 48 L-7 922-926 Excludes the Vertical Area
Betwzen the Two Circular
Segments, lLocation Code
K-8, 8; 1L-7, 8, 9; arnd M-8,9.

923 9.14 90,0 180.0 48 ¥-8 Draving 2646-48

924 13.42 80.0 180.0 48 H-9

925 11.62 80.0 180.0 48 K-10

96 14.82 90.0 180.0 48 J-8

o7 3.99 180.0 undefined 48 J-8

928 3.65 79.0 119.0 48 J-9

929 4.87 30.0 124.0 48 J-10

930 8.84 40.0 256.0 48 M-g

831 35.58 123.0 225.0 48 N-8

a3z2 1.9 i 129.0 250,06 48 M-8

953 1.12 58.0 180.0 48 M-8

934 1.32 162.0 270.0 48 M-6

935 0.83 58.0 270.0 48 M-6

936 0.83 0.0 0.0 48 L-6

937 3.68 0.0 90.0 48 K-7

938 25.49 46.9 288.3 48 G-7,6~9

939 1.92 43,9 288.3 48 G-8,6-10 939-949 Excludes the Enclosed Circle

840 25.49 2C.0 48.0 48 F-7,F-10

941 1.92 20.0 43,0 48 F-8,G-10

942 25.49 75.1 76.3 48 F-10

943 1.92 5.1 76.3 48 - G-10

944 25.49 153,1 1.7 48 G-11

945 1.92 135.1 71,7 48 G-10

946 25.49 160.0 312.0 48 G-10

947 1.92 160.0 312.0 48 G-10

948 25.49 104.9 283.7 48 G-7,G-10

949 1.9 104.9 203.7 48 G-8,G-10

850 53.12 20.0 180.0 48 G-7
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ILIUSTRATIONS TO FACILITATE DATA PREPARATION
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Fig. C-6 - Rotational Axis Coordinates Illustrated for the
Case Q. = 80° and A, = 180°
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CONFIGURATION NO. |
APOLLO WITH ADAPTER
AND S-1vB STAGE OF
SATURN C-5
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Fig. €-10 - Basic Apollo Configurations
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SUMMARY OF PRINCIPAL COORDINATE SYSTEMS
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Planet code numbers and the values of planet properties stored and

used by the computer program are tabulated below.

a

These data may be modified

for any given case by means of the 03 planet type data card (see Section III-D).

Distance
Planet from Sun
Code Planet (n.m.)h/
1 Earth 80.4 x 108
2 Moon 80.4 x 10°
3 Jupiter 419.9 x 105
4 Mars 123.0 x 106
5 Mercury 31.3 x 108
6 Neptune 2426. x 10°
7 Saturn  769.5 x 10°
8 Uranus  1548. x 108
9 Venus 58.3 x 106

Adjusted
Radius GM Cold Side
(n.m.)E/ Albedo (ftB/Eecg) Temp. (°R)£/

3437, .39 141 x 1014 200
937.8  .047 1.73 x 1014 186
37710. .51 44900 x 1074 50
1788,  .148 15.2 x 10%* 200
1341, .058 7.66 x 1014 10
13410, .62 2435, x 104 50
31035, .50 13450. x 1014 50
13750, .66 2058, x 1014 50
3345, .76 114.8. x 1014 200

a/ "Distance from sun" and moon's mass data from Fowle‘é/ Radius, mass and
albedo data from Ehricke,ﬁ/ except the albedo values for the earth and
moon were specified by the NASA Project Engineer.

g/ Values stored in the program are in feet; values in the above table are in

nautical miles but are equivalent to those stored within the program.

E/ Cold side temperatures are used only with the variable planet temperature

option, which was developed especially for celestial bodies that have a

negligible atmosphere (e.g. the moon).

If this method is used for other

bodies, the predicted temperature gradients may be too large because
atmospheric conduction and convection is neglected.
some compensation by employing "adjusted" cold side temperatures which
were specified by the NASA Project Engineer; however, it is recommended
that the variable temperature method be employed primarily for bodies
like the moon (i.e., with a negligible atmosphere).

.60 -

The program mékes




APPENDIX F

MATERTAL PROPERTIES DEFINED BY THE PRCGRAM




5

Absorptivities of six Apollo materials for solar radiation a?q
planet radiation were compiled into the BLOCK DATA subprogram B3DATA.E/ Tt
is possible in general to allow absorptivity for planet radiation to vary
with planet temperature. However, in absence of any data on this temperature
dependence, constant values were compiled into the program.?/ The following

table gives these values. Coatings 7-16 are undefined.

Coating _Absorptivity Apollo S/C
Number Solar  Planet Identification Application
1 0.16 0.40 $i0 on Aluminized Mylar Command Module
2 0.25 0.25 Aluminum-filled Polyester Service Module
3 0.18 0.92 Zinc Oxide Potassium Silicate  ECS and EPS
Radiators
4 0.18 0.45 Schjeldahl on Aluminum LEM Ascent Panels
S 0.18 0.18 Schjeldahl LEM Descent Panels
6 0.9 0.9 Black -

g/ The six materials, which were specified by the NASA Project Engineer,
were considered to be representative of the Apollo as of April 1966
therefore, they are not necessarily applicable to more recent or final
designs.

b/ The cross references compiled were all zero; hence £4(%), fp(t) and g(6)
are considered to be unity.




APPENDIX G

PROGRAM ORGANIZATTON AND FLOW CHARTS




The main program (deck name OVERLG) calls three subroutines EDITIP,
PILOT and PLOTHT, which overlay one another.

Subroutine EDITIP reads the input data and produces an edited input
file on logical tape 4. Subroutine PILOT reads data from tape 4, computes
heat loads, and writes results on the output unit. If SC-4020 plots are re-
quested for any of the cases run, an intermediate binary tape, logical 8, is
written which contains all necessary information for the plots., Subroutine
PLOTHT reads logical tape 8, extracts the necessary data and generates output
on logical tape 17 which the SC-4020 needs to produce the desired plots.

Brief descriptions of all nonlibrary subroutines, functions, and
BLOCK DATA programs are given below. These descriptions are followed by flow
charts of the more complex routines.

Subroutines

ANGLET finds the angles which give the inner and outer ring of
points used in computing an average shadow factor with respect to radiation
from the planet.

ARRANG reads data fromarrays on the intermediate plot tape (logi~
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BETA90 computes sun~shade points for orbital cases where the sun is
in the orbital plane.

COPY sets the 3 x 3 matrix determined by the second argument eqgual
to that determined by the first.

DDFERI is a double precision quartic factorization program from the
SHARE library.

DDVETA is a double precision cubic factorization program from the
SHARE library.

DIRECT completes construction of the coordinate transformation
matrices necessary to find the angles required for configuration factor and
shadov factor calculations. Subroutine TRANS begins the matrix construction.

EDITIP reads the data furnished by the user and produces a revised
input tape which is read by subroutine TINPUT. Areas and defining angles for
Apollo nodes are supplied and if one of the six Apollo configuravions is being
run for which a particular node is not exposed, this node is flagged to




suppress calculation of heats. For cases involving a large number of nocdes,
the case is subdivided since machine storage is insufficient to store shadow
tables for all nodes at once.

FIND locates the sun-shade points, ¢in'and ¢out, for orbital mis-
sions. If the sun is in the orbital plane, BETA90 is called. Otherwise QUART
is called to determine the Xp coordinates and WYE to find the Yp coordinates.
Each point is checked to insure that it satisfies the orbit and shadow equa-
tions and to insure that it is not on the sunward side of the planet.

GEOFAC interpolates in tables of configuration factors to find a
value corresponding to given ¢ , ¢c ;» 8g and altitude. For values of
these parameters outside the range of tabulated entries, the program extrapo-
lates.

HEAT finds heat loads on each element under consideration for a
given vehicle position and orientation. Subroutine HOUT is called to print
heat loads and if heat loads of any of the elements are to be plotted, these
are stored on intermediate tape (logical 8) by subroutine PLOUT.

HOUT prints heat loads out in tabular form.
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missions so that @3, <$<Poytr whenever the vehicle is in the shade. It
also determines vhether the vehicle is initially in the shade.

INTERP finds values of b, (T) for specified temperature by linear
interpolation in tables stored internally. The value found by this routine
is multiplied by FTIME to find oy .

JDGEN finds the number of days and fractions of a day since Jamvary 1,
1900, at midnight for orbital missions where calendar date and time are read in.
This result is used to determine RA and DEC.

1OCUS calculates time and altitude from a given value of true anomaly,
¢ , for orbital missions. It also determines planet temperature if the variable
planet temperature option is being run.

LOOP controls the vehicle motion on orbital missions. It causes the
vehicle to advance with steps of A in a counterclockwise motion from starting
position ¢o . When sun-shade points are passed, the step is broken to pick up
these special points. Subroutine IEAT is called for each position of the
vehicle and printed and/or plotted output resulis for each vehicle element.




IOOPTJ controls the vehicle motion on trajectory tape missions. It
first locates the desired trajectory on the trajectory tape and then reads a
tape record for each point. It can interrupt the trajectory if control in-
formation so indicates and return to the input routine to determine new param-
eter values required for the trajectory continuation. LOOPTJ finds some com-
ponents of the coordinate transformation matrices needed for determining angles
used in configuration factor and shadow factor calculations. For each point of
the mission, subroutine HEAT is called and printed and/or plotted results are
generated for each vehicle element.

MIDENT stores a 3 x 3 identity matrix in the array given by its
argument.

MOON finds parameters analogous to right ascension and declination,
which determine sun position, as a function of date for lunar orbits.

OVERLG is the main program which serves only to control program
overlay.

PILOT controls the main computation. It converts configuration fac-
tor tables to floating point form and controls the principal subroutines
TINPUT and LOOP or LCOPIJ.

DIANEM finde naramatere an:ﬂnvmm 0 right ascension and decllnatlon,
which determlne sun position, as a function OF date I0r OrbLLS drOUd MeLCuiy,
Venus and Mars.

PLOTHT reads the intermediate plot tape (logical 8), extracts control

.information and identification, then calls ARRANG to set up tables of values

to be plotted and POINTS or PUNKTE to generate the SC-4020 plot tape (logical
17).

PLOUT writes a buffer load of points to be plotted on tape 8, the
intermediate plot tape.

POINTS or PUNKTEE/ controls plotting of points put into arrays by
subroutine ARRANG.

QUART stores coefficients of the guartic equation for the x~component
of the sun-shade point and calls DDFERI.

RADEC finds right ascension and declination from the date for earth
orbits.

g/ Thic routine was originally named POINTS, but during adeption of the pro-
gram for the DCS, conflict with one of the library subroutines was en-
countered.




SBTRAJ finds the sine and cosine of ZZj and B or ZZ:* and p¥
from trajectory tape data.

SETANG finds the weight factors and indices to be used for calcula-
ting planet shadow factors.

SIGBET finds sun-shade points for orbital missicns. Unless Z:: and

B are read in, they are first calculated from other data defining sun-position.

TINPUT reads input for each case, converts units where necessary,
calculates a few parameters which do not change during the case, and vwrites
out information defining the case. his routine also controls sun-shade point
calculations for orbital missions and part of the coordinate transformations.

TIFIND reads in the identification record from the trajectory tape.
A stub is provided in this routine to facilitate conversion to allow more than
one trajectory to be stored on the trajectory tape.

TPOINT reads the trajectory tape and returns with values for time,
vehicle position, sun position and a code indicating whether the vehicle is !
in the planet umbra. |

TRANS generates matrices describing vehicle roll, pitch and yaw,
and the parts of the rotation matrix which are independent of time. TFor
nrhital miceinna it alan generates vart of the transformation matrix for
converting irom planet-oriented TO sun-oriented coordaiLnaies.

TRNSPS transposes a 3 x 3 matrix.

TURNCW rotates a 3 x 3 matrix around one of the coordinate axes.
The first argument is the name of the matrix to be rotated. The second argu-
ment is the cosine of the angle of rotation. The third argument is * sine of
the angle of rotation, depending on the sense of the rotation. The last ergu-
ment denotes the axis of rotation, where x , y and 2z axes are designated
1, 2 and 3, respectively.

WYE finds y-coordinates of orbital sun-shade points for which the
x-coordinate has been found by factoring a quartic equation.

Functions

ARCOS finds the arcosine in degrees of the argument. ARCOS is al-
ways from zero to 180 inclusive.

FRI finds a ratio L which is needed in determining an engle «
R

between the centerline of a source vector cone and either the innexr or outer
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ring of points used in computing average planet shadow factors. The angle «
is given by @ = arctan (% tan op). (See Appendix B of the Task 2 re-

S
port.)=

FTEMP finds the factor of Qg Or «
time. Nominal value for FTIME is 1.

D expressing dependence on

MANDN gives the logical AND of its two arguments, i.e., the function
gives a one bit in each position where both arguments have a one bit and a
zero bit elsevhere.

MERGE gives the logical OR of its two arguments, i.e., the func-
tion gives a zero bit in each position where both arguments have a zero bit
and a one bit elsevhere.

NCOAT extracts the coating code from the packed words in the LPACK
array.

SHADOW finds shadow factors with respect to solar radiation if the
first argument is positive. It if is zero, the program chooses an algorithm
and determines some constants that will be used in finding shadow factors.

SHPLAN finds effective shadow factors with respect to planet radia-
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UNSHAD returns the desired shadow factor from a word which has nine
shadow factors packed together.

BLOCK DATA Programs

DATABL and DATAB2 (alternate names: BIDATA and B2DATA)§/ define
the table of configuration factors as functions of altitude, € , ©g and

fe.

DATABE and DATABF (alternate names: BEDATA and BFDATA).%/ define
areas and () and Ap for the 950 Apollo surface elements referenced by
the program,

g/ Because of ambiguity in object deck sequencing when all these programs be-
gin with the same four symbols, it would be advisable to use the alter-~
nate names if the programs are ever recompiled.




DATAB3 (alternate name: BBDATA)Q/ defines miscellaneous data which
appear 1in common storage. Among data included are several useful constants,
masking words used in packing and unpacking words, and alphameric arrays used
in headings. The solar constant and tables of material properties are also
defined, as vell as data describing the moon and all planets except Pluto.

g/ Because of ambiguity in object deck sequencing when all these programs
begin with the same four symbols, it would be advisable to use the al-

-

ternate names if the programs are ever recomplled.
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APPENDIX H

FORMAT OF THE SHADOW FACTOR TAPE




The shadow factor tape contains shadow factors for the six Apollo
configurations (see Fig. C-10). For each configuration, shadow factors of all
exposed surface elements are given for 128 orientations of the radiating source.
The tape format is binary and all records are 190 words long.

The first record of each configuration has a special format. Only
the first, second and fourth words are significant. Word four is the integer
15, which indicates that the record identifies the configuration. Word one is
the negative of the configuration number. Word two contains a number of the
form 40 k + 1, where k is the largest integer such that the first element
defined for the configuration in question lies in the range 40 k + 1 to 40 K +
40, e.g., for configuration 1, where the LEM is not included, word two contains
401, where the lowest element number for the command and service modules is
406. '

The second record of each configuration contains shadow factors for
10 elements beginning with the element given as word two of the first record.
Each table contains 19 words and each word is packed to contain nine 4-bit
numbers. The 19 words correspond to 19 angles, Asp , ranging from 0° to 360°
in steps of 20°. The word for 0° is repeated for 360° in order to avoid any
wrap-around interpolation. The nine numbers packed in each work are shadow
factors for the sssocinted Asy and corresvonding to Qs,, values having
Ccoslnes Or -1.U, =U,75, =U.D5, -U.,20, U., U.cd, U.u, $.75, 1.0, vespectlvely:
The shadow factors corresponding to (s, with negative cosines are stored in
the most significant part of the word.

The next record of each configuration contains shadow factors for
the next 10 elements, and so forth until the record containing data for ele-
ments 941 to 950 is read or until a record is read having the integer 15 in
word four, which signals the next configuration.




APPENDIX I

REQITTREMENTS OF STRRONTTNES MANTPITATTNG TRAJECTORY TAPES




For trajectory tape missions, the program must be able to accurately
obtain information from the trajectory tape. Two subroutines, TJFIND and
TPOINT, were written to position and read the required information from logical
tape 11l. The program was debugged using these routines and a dummy trajectory
tape.

However, since the principal applications of the trajectory option
are expected to be linked with the vehicle ephemeris program written by NASA's
Mission Analysis Group, the two original subroutines were replaced by modified
routines using data more compatible with the vehicle ephemeris program results.
The new routines enable the trajectory data to be written directly from arrays
used in the vehicle ephemeris program, and they convert distances from earth
radii, as computed by the vehicle ephemeris program, to nautical miles, as
required by the heat flux program. The new subroutines were checked out using
data generated by the vehicle ephemeris program in use at NASA in March 1966.

Since the NASA vehicle ephemeris program is occasionally nmodified,
the routines for reading trajectory data are subject to change. Hence, instead
of a detailed description of the specific routines delivered with the program,
the general requirements of these two routines, TJFIND and TPOINT, are given
below. This information will allow the user to write equivalent routines for
matching the heat flux program to later versions of the NASA vehicle ephemeris
program or to any other program which might be used to generate a vehicle
trajectory. ;The general requirements of TJFIND and TPOINTS follow:

1. TJFIND must have two arguments, the first, a single variable
and the second a fourteen word array.

2. The first argument should not be redefined during execution
of TJFIND.

3. The second through the thirteenth words of the fourteen word
array should contain valid alphameric characters which can be used as tragec-
tory identification on printed and plotted output.

4. TPOINT must have two arguments, the first, a fourteen word array
of real, i.e., floating point numbers, the second a single integer, namely,

the configuration code.

5. The second argument should not be redefined during execution of
TPOINT.

6. Upon return from TPOINT the fourteen word array should contain
the following numbers. All distances must be in nautical miles.
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a. Vord 1 should contain time since start of mission in minutes
unless this is the last point of the trajectory, in which case it should con-
tain time with the sign reversed.

b. Words 2 to 4 should contain the X, Y, and Z coordinates
of the vehicle in the earth equatorial system with origin at the center of
the "first" planet.

¢. Words 5 to 7 should contain the X, Y, and Z coordinates
of the sun in the earth equatorial system with origin at the center of the
"first" planet.

d. Vords 8 to 10 should contain the X, Y, and Z coordinates
of the vehicle in the earth equatorial system with the origin at the center
of the "second" planet.

e. Words 11 to 13 should contain the X, Y, and Z coordinates
of the sun in the earth equatorial system with origin at the center of the
"second" planet.

f. Word 14 should contain floating point one (1.) if the
vehicle is in the umbra of either planet. Otherwise it should contain zero.

The "first" and "second" planets correspond to the codes punched in

TN 2T e e masm s addd e ot

columns Y ami LU, respeciively, oir uvue 04 cand. o Vehicleo znd zun post

each point are actually needed only w1th.respect to the planet of reference
(corresponding to column 5 of the 03 cards). No harm will be done if zeros

or other inapplicable data replace the data with respect to the "other" planet.
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APPENDIX J

REFERENCE GUIDE FOR INPUT DATA PREPARATION

. on




!

A list is given on the following pages summarizing the various data
that might be punched as program input data. For each type of card a descrip-
tion is given of all applicable fields. Page numbers referencing additional
information in this manual are also given. If the entry under "Applicability
is blank, the field in question may pertain to all kinds of cases. II there
is an entry under ‘Applicability”, however, the field is pertinent only for
the type of case designated. For all other types of cases the field is not
applicable, i.e., it can be left blank. Note that the entire 05 card is not
applicable to trajectory tape missions and can be omitted in such cases.
Likewise the 08 card is not applicable to orbital missions.

The formats listed are those used by the program; however, for all
fields specified as EB8.1 it is advisable to punch the number with a decimal
point but with no exponent unless the magnitude of the number is so large or
so small as to require exponents. For example, one (1) in this format could

_be punched as "0.1E OL" , but fewer errors would be made if it were simply

punched as "1.0" anywhere in the eight-column field. (See sample cards in
Fig. 1.) DNumbers in I format must be right justified in their appropriate
fields.




CASE NUMBER AND CONTROL INFORMATION (01 CARD)

21

Columns Format Applicability
1l -2 I2
3 -5 I3
9 12 I4
13 - 20 E8.1 Orbital
28 E8.1 Orbvital
37 - 44 E8.1 Traj. tape
18 Il
79 I1
80 Il

Ref.
Description Page
Card code (=01).
Case number.
Nunmber of elements to be analyzed
(1 = n < 1000).
¢0 ; the initial value for true 49

anomaly.

A@o , the increment of true anomaly
at which heat fluxes are calculated.

First time (min.) in which program
parameters are to be instanta-
neously changed.

Configuration number (1-6) if Apollo
C'th’;f)TJ Tactore atnred nn ‘:‘;;l',p AY
required for this case. (Shadow
tape must be mounted when a valid
configuration number is used.)
Blank or O is used when no shadow
factors are used.

For O or blank, only absorbed heats
are printed out.

For 1, incident and absorbed heats
are printed out.

For O or blank, fluxes in BTU/hr-ft°

are printed out.

For 1, products of fluxes and element
areas in BIU/hr are printed out.




ORIENTATION AND ROTATION (02 CARD)

Columns Format Applicability
1 2 12
3«5 13 Rotating
6 -8 I3 Rotating
9 12 I4
13 20 E8.
21 28 E8.
29 36 E8.
37 44 E8.
45 52 E8. Star-oriented
53 60 E8. Star-oriented
61 68 E8. Star-oriented

Description
Card code (=02).

Q.(°) , one of angles describing
axis of vehicle rotation.

£.(°) , one of angles describing
axis of wvehicle rotation.

For 1, vehicle is planet oriented.

For 0, vehicle spins rapidly about
random axes.

For -1, vehicle is sun-oriented.

For -2, vehicle is star-oriented.

p(°) , vehicle roll angle.

$(°) , vehicle pitch angle.

N(°) , vehicle yaw angle.

wr(rpﬁ) , rate of vehicle rotation.
Blank or O. is used when vehicle

is not rotating.

X~corponent of a vector pointing
to orientation star.

Y-component of a vector pointing
to orientation star.

Z-component of a vector pointing
to orientation star.

Ref.
Page

53

53

52
52

52




PIANET (03 CARD)

Columns TFormat  Applicability

1 -2 I2

3«5 I3

13 - 20 E8.1 Unknown planet

"1 - 28  E8.1  Unknown planet

29 - 36 E8.1 Unknown planet
37 - 44 E8.1 Unknown planet
45 oz E3.1 Unknowno planes -

Ref.

Description Page
Card code (=03).

For 1 to 9, number is taken as 60

planet code.

For O or blank, planet data are
read from colurns 13 - 52.

Distance from planet to sun in
nautical miles.

Planet radius in nautical miles.
Planet albedo.

GM,, (ft3/se02), gravitational
constant times planet mass.

Adusted colc side temperavure

(°R).




MISSION (04 CARD)

Columns Format  Applicability Description g;éé
1 -2 12 Card code (=04).
3 -5 I3 For O or blank, trajectory tape
mission is to be run.
For 1, orbital mission is to be run.
6 -8 I3 Orbital Number of degrees of true anomaly 49

for vwhich preogram computes.

9 11 Traj. tape Planet code of first trajectory
tape planet of reference.¥

10 Il Traj. tape Planet code of second trajectory
tape planet of reference.*

13 - 20 E8.1 Orbital Apogee in nautical miles.

~% R eta) ey 0 WP T N T b I . IE TR RS POt SRRV, IRV S BN
e Tl EE LV I AL WA Uk * R S R UL ARG v

* Unless new routines are written to manipulate the trajectory tape (see
Appendix I) the planet codes are 1 and 2, respectively.
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SUN POSITION (05 CARD)

Ref.
Coluprns  TFormat  Applicability Description Page
1-2 12 Orbital Card code (=05).
5 -5 I3 Orbital A code to specify sun position inputb
option. Value rwust be 1, 2, 3 or
S. The code instructs the program
how to interpret data in 13 - 76.
6 -8 I3 Orbital For 1, sun-shade points @;,, and
' ¢out are read from columns 61 -
76. Otherwise they are computed.
“13 - 20 E8.1 Orbital Angle i(°) if column 5 contains 51
1l or 5
Angle 3 (°) if column 5 contains = 50
2.
Angle «(°) if column 5 contains 50
3.
21 ~ 28> E8.1 Orbital Angle (°) if column 5 contains 51
1l or 5.
Angle B(°) if column 5 contains 50
2 or 3.
29 - 36 E8.1 Orbital Angle Q(°) 4if column 5 contains 51
1 or 5.
Angle «(°) if column 5 contains 50
3. Otherwise blank.
37 - 44  E8.1 Orbital Angle RA(°) 4if column 5 contains 50
5.
Year if column 5 contains 1.
Othervise blank.
45 - 52 8.1 Orbital Angle DEC(°) if column 5 contains 50

5.

Month if column 5 contains 1.
Othervwise blank.




SUN POSITION (05 CARD) (Concluded)

Columns Format Applicability
53 - 60 E8.1 Orbital
61 - 68 E8.1 Orbital
769V~ 16 E8.1 Orbital

Ref.
Description Page

Day of month if column S contains
1. Otherwise blank.

Hour of day (0 to 23.) if column
S5 contains 3.

Bin(°) if column 8 contains 1.
Otherwise blank.

Minute of hour (0. to 60.) if
colunm 5 contains 5.

Bout(®) if column 8 contains 1.
Othervwise blank.
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REDEFINITION (06 CARD)

Ref.
Description Page

(subcase with 3, 4, 5 or 6 in column 12)

Columns Format Applicability
1 2 I2
3 S I3
6 8 I3
9 12 14
13 16 8ES.

77

18

12

I2

I2
I3

I3

I4

(Subcase with 7,

Card code (=06).
Index of first teble entry on card.

Index of last table entry on card.

Ccde describing type of table being
defined.

Code 3 indicates fg versus t .
Code 4 indicates fp versus 1t .
Code 5 indicates g versus & .
Code 6 indicates by versus T .

Table entries to be stored as index
ranges from Tirst to last value.

Number of table being defined
(from 1 to 16).

8 or 9 in column 12)
Card code (=086).
Material code (from 1 to 16).

Corresponding table numbers
(from 1 to 16)

Code describing type of table
assignment.

Code 7 indicates assignment of fp
versus t table.

Code 8 indicates assignment of fg
versus t table.

Code 9 indicates assignment of g
versus § table.




REDEFINITION

(06 CARD) (Concluded)

Description

(Subcase with 10 in colums 11 - 12)

Ca

rd code (=06).

Subcode (=10) indicating solar

constant is redefined.

New value of solar constant.

(Subcase with 11 in columns 11 - 12)

Ca

Code of first material referenced on

Code of last material referenced on

rd code (=06).

this card.

this card.

Subcode (=11) indicating that this

Columns Format Applicability
l-2 12
g - 12 14
13 - 20 E8.1
1-2 I2
5 -5 I3
6 - 8 I3
9 - 12 I4
13 - 76 8E8.1

Va

card redefines values of ¢ for
one or more materials.

lues of oy for materials with
codes ranging from first to last
as shown in columns 3 - 5 and

6 - 8.

Ref.
Pape




LOW ALTITUDE PLANET TEMPERATURE (07 CARD)

Ref.
Columns Format  Applicability Description Page
1 -2 12 Card code (=07).
13 - 20 E8.1L Altitude (n.m.) below which planet
temperatures computed by the pro-
gram are superseded by temperature
in columns 21 - 28 of this card.
For blank or 0. the program always
uses computed temperatures. This
altitude is understood to be zero
unless an 07 card is read to re-
define it.
21 - 28 E8.1 Planet temperature (°R) used by the
program when the altitude is below
the value in columns 13 - 20 of
this card.
TRAJECTORY CONTINUATION (08 CARD)
Ref.
Columns Format Applicability Description Page
1 -2 12 Traj. tape Card code (=08).
13 - 20 E8.1  Traj. tape Cutoff time (min.) for next segment

of trajectory. When a time ex~
ceeding this value is read from
the trajectory tape, the case will
be interrupted to read parameters
being instantaneously changed.




ELEMENT (09 CARD)

Columms Format Applicability
1-2 12
3 -5 I3
’ 6 - 8 I3
9 - 12 14
. 13 - 20 ES.1
’ 21 - 28 E8.1
29 - 36 E8.1

Ref.
Description Page

Card code (=09).

Sequence number of element for this
problem. The number must be no
greater than the number of ele-
ments to be analyzed. Elements
to be lumped together require
adjacent sequence numbers.

If any of the internally stored ele-
ment data are needed, the node num-
ber for the element must be punched.
If this field does not contain a
valid node number, area, A, and
(, are read from this card, and
shadow factors cannot be referenced.

This field contains a nonzero numer-
ical label which will identify the
element in the output listing. IT
This Field 18 hiank or (1 The Dro-
gram uses node number in columns
6 - 8 as label.

Angle An(°) for the element in 49
case values from internal tables
are not used.

Angle Q.(°) for the element in 49
cagse values from internal tables
are not used.

Element area (ft.a) in case values
from internal tables are not used.




EILEMENT (09 CARD) (Concluded)

Colunns Format Applicability
37 - 44 E8.1
45 -~ 52 E8.1
53 -~ 60 ES.1
61 €8 ES.1
77 78 12
79 Il
80 11

Ref.
Description Page

For all elements which are to be
lunped with succeeding elements,
i.e., with elements having succeed-
ing sequence numbers, this field
must contain the same label punched
in columns 9 - 12 unless they are
blank, in which case it must contain
the node nunber from colunns 6 - 8.
Note that the format here requires a
decimal point.

For 1.0 the value of A, in 13 - 20
supersedes the value stored in in-
ternal tables. TFor blank or O. the
value from the internal table is
used if a valid node number is
given.

For 1.0 the value of Q in 21 - 28
supersedes the value stored in in-
ternal tables. TFor blank or 0. the

e I LV . . = <9 .
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used if a valid node number is
given.

For 1.0 the value of area in 29 - 36
supersedes the value stored inter-
nally. For blank or O. the value
from internal tables is used if a
valid node number is given.

Coating material number.

For 1, shadow factors for this node
are loaded from the shadow tape and
shadov logic is used to find heat
fluxes. For blank or 0, shadow
logic 1s suppressed and factors are
not loaded.

For 1, heats will be plotted for this
element. For blank or 0, plots will

-

be suppressed.
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I2

13A6

Card code (=10).

Alphanmeric comment.

COMMENT (1.0 CARD)
Ref.
Colunns  Format  Applicability Description Pape
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